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Number,  p.  432. — Edit.  Geol.  Mag.] 
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volume  was  issued  without  any  date  on  the  title-page ;  and  the 
question  has  often  aiisen  as  to  the  correct  date.  Papers  which  it 
contains  are  dated  [1883]  in  the  lloyal  Society's  Catalogue.  However, 
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He  died  (p.  xiv)  on  November  3rd,  1882,  so  that  the  end  of 
October  or  beginning  of  November,  1882,  is  the  date  of  the  volume  in 
question.  S.  S.  B. 
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I. — A  Ckntubt  of  Gkotx)OY,  1807-1907. 

Tnx  Geological  Society  of  London. 

(With  a  portrait  of  its  President,  Sir  Archibald  Oeikie»  D.C.L.,  Sc.D.,  Sec.  R.S.)  ^ 

WE  are  glad  to  be  able  to  present  our  readers  with  a  portrait  of 
Sir  Archibald  Geikie,  P. R.S.,'  the  diBtinguished  President  of 
the  Geological  Society  of  London,  who,  on  account  of  his  very  large 
and  important  contributions  to  our  science,  was  lust  year  unanimously 
elected  a  second  time  President  of  the  Society  in  anticipation  of  its 
centenary,  which  will  take  place  on  T^ovcmber  13th,  1907,  he  having 
been  deemed  the  most  fit  and  proper  Fellow  to  represent  the  Society 
as  its  chief  officer  upon  so  important  and  memorable  an  occasion  in 
its  history.' 

In  the  earlier  years  of  his  geological  career  Sir  A.  Geikie  spent  the 
major  part  of  his  time  in  the  Highlands  and  Lowlands,  amid  the  glens, 
loohsi  and  mountains  of  his  native  Scotland,  and  althou;;h  in 
Uurchison's  and  Bamsay's  days  he  passed  many  of  his  winters  in 
London  engaged  on  Survey  work  at  Jennyn  Street,  it  was  not  until 
he  was  appointed  Director-General  of  the  Geological  Survey  of  the 
United  Emgdom  and  Director  of  the  Museum  of  Practical  Geology  in 
1882,  offices  which  he  held  until  1901,  that  he  became  an  habitue  of 
the  Geological  Society  and  a  constant  figure  at  its  meetin};s. 

In  those  days  (from  1855)  when  as  a  youthful  geologist  of  20 
he   commenced  his   official  work,   and   afterwards  (1867-82)   when 

^  For  pemumion  to  use  the  present  portrait  wc  arc  indchted  to  the  President  and 
Cooneil  of  the  Royal  Scottish  Geograpnical  Society,  Edinhurgh,  in  whose  journal  it 
fint  appeared. 

'  For  a  brief  sketch  of  the  life  of  Sir  A.  Geikie  see  Geol.  Mag.,  1890,  pp.  49-51, 
▼iih  a  portrait ;  see  also  **  Who's  Who."  1907. 

'  There  have  been  forty- three  Presidents  in  100  years  (six  of  whom  have  been 
once  re-elected  and  one  twice  re-elected) ;  G.  B.  Greenough  having  served  three 
times  (1807-13,  1818-20,  1833-5) :  and  the  following  twice  :  Buckland  (1824-6, 
1839-41) ;  Murchison  (1831-3,  1841-3) ;  Sir  C.  Lyell  (1835-7, 1849-51)  ;  Leonard 
Homer  (1846-7,  1860-2) ;  W.  J.  Hamilton  (1854-6,  1864-6) ;  and  Sir  A.  GeiUe 
(1890-2,  1906-8). 
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Director  of  the  fieoloj^cal  Survey  of  Scotland,  however  remote  his 
field  of  work  vjiiglxt  be,  his  ever-active  peu  and  pencil  kept  him 
in  touch  w^tb.Wie  world  at  large.  **The  Story  of  a  Boulder." 
**  Gleanings  from' the  Notebook  of  a  Geologist"  (1858),  his  **  Memoir 
of  EdwaD^'-JfJjrbes*'  (^1861),  **The  Scenery  of  Scotland  viewed  in 
conuectjxmC^ith  its  Physical  Geology"  (1865,  3i-d  edition  1901),  and 
many  othi§r*of  his  writings^  were  read  with  the  keenest  enjoyment. 

We  piiblished  in  February,   1890,  a  portrait  of  Sir  A.  Geikie  and 
a  brief  8>immary  of  his  work  up  to  that  date,  just  prior  to  his  election 
for.  Jb^  first  time  as  President  of  the  Geological  Society.     The  addresses 
.  •.which  he  gave  during  the  two  years  that  he  occupied  the  chair  formed 
.'  '.the  nucleus  of  perhaps  his  most  important  work,  published  in  1897 
•   ,    '-under  the  title  of  **The  Ancient  Volcanoes  of   Great  Britain,"  two 
^.,  •  '    volumes,  beautifully  printed  and  illustrated.     In  the  same  year  lie 
•'     .'     established  the  **  Summary  of  Progress  of  the  Geological  Survey,"  an 
annual  publication  which  gives  an  official  record  of  the  work  done  by 
this  institution.     He  prefaced  the  first  number  with  an  account  of 
the    Origin    and    History   of  the   Geological   Survey  and   Museum, 
a  subject  which  he  had  dealt  with  more  personally  in  1895  in  his 
"  Memoir  of  Sir  Andrew  Crombie  Ramsay."     While  still  Director- 
General  he  edited  in  1899  a  third  volume  of  Hutton's  **  Theory  of  the 
Earth,"  from  the  MS.  that  had  long  been  in  the  possession  of  the 
Geological  Society.  . 

In  1 892  he  was  President  of  the  British  Association  at  Edinburgh, 
and  in  1899  he  was  chosen  for  a  second  time  President  of  the 
Geological  Section  at  the  Dover  meeting.  In  1900  he  published 
an  official  memoir  on  **  The  Geology  of  Central  and  Western  Fife  and 
Kinross."  In  the  following  year  he  retired  from  the  public  service; 
but,  as  we  intimated  (Geol.  Mao.,  February,  1901,  p.  96),  it  was  not 
his  intention  to  lay  aside  either  his  hammer  or  his  pen.  In  1902  he 
brought  out  another  Survey  Memoir  on  "  The  Geology  of  Eastern 
Fife";  in  1903  he  issued  a  fourth  edition,  in  two  volumes,  of  his 
**  Text-Book  of  Geology,"  a  work  of  1,472  somewhat  closely  printed 
pages.  From  the  severer  side  of  science  he  turned  to  ''Scottish 
Keminiscences,"  a  volume  published  in  1904  ;  and  in  1905  he  issued 
•*  Landscape  in  History  and  other  Essays."  Meanwhile,  in  1903,  he 
accepted  the  office  of  Secretary  to  the  Royal  Society  in  conjunction 
with  Dr.  Joseph  Larmor,  a  position  which  might  alone  have  given 
enough  work  for  any  man  in  the  days  of  his  retirement. 

In  the  earlier  days  of  the  Geological  Society,  *Hhe  age  of  the 
demigods,"  but  comparatively  little  was  done  by  its  members  to 
interest  the  outside  world.  The  Society  was  a  very  select  hody^  and  as 
one  of  its  members  observed  at  the  time,  the  Council  was  practically 

^  For  original  articles  bv  Sir  A.  Qeilde  and  notices  of  his  writings,  see  the 
Geol.  Mao.,  1864,  p.  22;  1865,  p.  126;  1866,  pp.  456,  549;  1867, 
pp.  171,  316,  466;  1868,  p.  249;  1869,  pp.  32,  129,  137;  1870,  pp.  41,  136; 
1871,  p.  279;  1874,  p.  81;  1878,  pp.  49,  128;  1879,  p.  278;  1882,  p.  322; 
1883,  pp.  39,  47,  80,  238 ;  1888,  pp.  42,  282  ;  1889,  p.  32 ;  1891,  p.  498 ;  1894, 
p.  188;  1895,  p.  132:  1896,  pp.  42,  481 :  1897,  pp.  233,  326,  371,  417 ;  1898, 
pp.  232,  306,  368  ;  1899,  pp.  321,  462  ;  1901,  p.  81 ;  1903,  p.  273  :  1904,  pp.  133, 
135;   1906,  pp.  145,  193. 


The  Geological  Society  of  London,  3 

the  Society,  and  existed  to  publish  its  own  papers,   other  peoples' 
opinions  and  papers  being  a  negligible  quantity. 

As  the  years  passed  the  names  of  Greenough,  Conybeare,  Buckland, 
Fitton,  Sedgwick,  Portlock,  Homer,  Muichison,  Lyell,  De  la  Beche, 
Forbes,  Phillips,  and  Sharpe  commenced  to  attract  attention,  and  the 
world  began  to  take  an  interest  in  the  science  ;  the  writings  of  Lyell 
especially  attracted  attention,  and  as  he  himself  remarked  at  the  Jubilee 
of  the  Geological  Club  in  1874,  he  had  been  condemned  for  his 
heresies  from  every  pulpit  in  the  country,  but  had  lived  to  see  as 
many  parsons  as  laymen  turn  geologists. 

From  the  Geological  Society  has  sprung  into  existence  the  Geological 
Snrvey  of  the  United  Kingdom,  with  its  staff  of  surveyors  all  over 
the  country,  producing  annually  maps  and  memoirs  of  the  greatest 
value  to  our  science.  The  Museum  of  Practical  Geology  and  its 
Boyal  School  of  Mines  soon  became  another  living  centre  from  which 
a  steady  output  of  young  geologists  went  forth  each  year  to  conquer 
the  earth.  Nor  may  we  forget  that  in  addition  to  the  Quarterly 
Geological  Journal  and  the  Society's  Transactions  has  sprung  into 
being  the  Palaeontographical  Societji,  with  its  grand  array  of  mono- 
graphs of  British  fossils  (now  60  years  old).  E.  Charles  worth's 
Lmdon  Geological  Journal^  1846-47,  the  OeologiBt,  edited  bv 
8.  J.  Mackie,  1868-64,  the  Gkolooical  Magazine,  by  H.  Woodwara, 
1864  to  the  present  time — all  these  have  tended  to  help  on  the 
science  of  geology. 

As  Knglishmen  we  have  reason  to  feel  justly  proud  of  our  William 
Smith, ^  and  his  first  Geological  Map  of  England;  of  his  nephew, 
John  Phillips,  whom  he  trained  up  to  be  the  future  teacher  of  many, 
the  author  of  the  **  Geology  of  Yorkshire,**  the  Curator  of  the  York 
Museum,  the  home  of  the  Yorkshire  Philosophical  Society,  which 
under  Harcourt  gave  birth  to  the  British  Association  for  the  Advance- 
ment of  Science  (now  76  years  of  age),  that  has  done  so  much  to 
promote  geology  as  a  study  in  these  Islands  ;  of  Buckland,  Sedgwick, 
Lyell,  Murchison,  Prestwich,  Jukes,  and  the  long  list  of  their 
followers  who  have  kept  alive  the  flame  of  enthusiasm  on  the  altar 
of  our  science  through  a  hundred  years.  Nor  must  we  forget  that, 
bom  of  the  Geological  Society,  the  Geologists  Association  (already 
48  years  of  age)  has  arisen  as  a  vigorous  offspring  of  the  elder  Society, 
and  is  even  stronger  on  its  feet  than  the  parent,  travelling  each  year 
over  the  length  and  breadth  of  the  land  and  extending  its  rambles  into 
France,  Italy,  and  elsewhere.  Never  had  Britiehers  reason  to  be 
prouder  of  a  scientific  body  than  we  of  the  Geological  Society  (just 
a  century  old),  the  doyen  of  all  the  Geological  Societies  of  the  world, 
from  whose  founders  and  followers  have  arisen  so  many  living  offshoots 
of  working  associations,  publications,  field  clubs,  and  local  societies. 
Copying  the  toast  of  a  great  city  company  we  may  exclaim  **  Long 
may  it  flourish  and  grow,  root  and  branch,  for  ever." 

»  Strled  by  Sed^ck  "  the  Father  of  English  Geology  '*  (see  Geol.  Mag.,  1869, 
pp.  356-359  ;  1870,  pp.  301-803 ;  1873,  p.  31 ;  1877,  p.  378 ;  1892,  pp.  94,  144  ; 
.1897,  p.  439).  • 
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II. — A  XoTE  03r  Fossil  Piatts  from  the  Cakbositkeoits  Lmnon 

OF  Chepstow. 

Bt  E.  a.  Xewell  A&ber,  M.A.,  F.L.S.,  F.G.S. 

rpHE  oocurrence  of  plant-remains  in  the  Lower  Carboniferous  rocks 
X  of  England  is  so  rare  that  the  recent  discoTerr  of  impressions  in 
Ix.-ds  b^jlonging  to  that  series  at  Chepstow,  by  my  friend  and  pupil 
Mr.  M.  1*.  Price.  B.A.,  of  Trinity  College,  Cambridge,  is  worthy  of 
record.  Mr.  Price  has  obtained  several  examples  of  a  Sphenopterid 
frond  and  other  plant  fragments  from  a  bed  of  sandy  shale  of  about 
4  fc'.t  in  thickness,  lying  between  a  red  sandstone  below  and  lime- 
stone beds  above,  in  one  of  the  Pen  Moel  quarries  on  the  left  bank  of 
the  Wye,  immdiately  to  the  north  of  Chepstow.  This  locality  is 
mentionc-d  in  Dr.  Vaughan*s*  recent  paper  on  the  palsontological 
sequence  in  the  Carboniferous  Limestone  of  the  Bristol  area.  That 
author  informs  me  that  he  refers  the  beds  in  question  to  tho  lower 
portion  of  the  Seminula-zone  (S^  of  his  classification)  on  tho  evidence 
of  the  fauna. 

Considering  the  sandy  nature  of  the  bed,  the  impressions  are  fairly 
well  preserved.  The  most  abundant  plant  is  a  leaf  belonging  to  the 
frond -genus  Sph^nopUri*,  which,  so  far  as  I  can  judge,  appears  to  be 
i<lentical  with  SphenopteriB  Teiliana,  Kidston,'  only  known  hitherto 
from  the  Lower  Carboniferous  beds  of  Teilia  Quarry,  Gwaenysgor, 
Flintshire.  I  have  compared  the  Chepstow  fossils  with  examples 
from  the  Flintshire  beds  in  the  Sedgwick  Museum,  and  on  the  whole 
they  agree  very  well.  In  some  cases  the  dichotomous  branching  of 
the  rafhis,  which  is  so  characteristic  of  this  fern-like  plant,  is  clearly 
s(r(n.  The  pinnules  are  indifferently  preserved,  but  the  best  of  them 
rcMjmble  fairly  closely  the  specimens  from  Flintshire.  The  nervation  is 
not,  however,  preserved ;  nor  is  it  to  be  seen  in  the  examples  previously 
known. 

There  is  also  associated  with  one  of  these  fronds  a  small  fragment 
resembling  a  fructification,  which  recalls  that  figured  by  Mr.  Eidston' 
from  Flintshire  as  **  the  fructification  of  a  fern.*'  A  stem  structuro 
possibly  belonging  to  a  fern-like  plant  is  also  represente<l,  and  shows 
traces  of  what  may  perhaps  have  been  petiole-scars,  but  not  very 
clearly.  It  recalls  the  appearance  of  a  badly  preserved  Megaphyton  in 
some  respects.  A  branchcni  rachis  without  foliage,  and  a  small  portion 
of  an  obscurely  ribbed  cast  complete  the  list  of  specimens  so  far 
obtained. 

The  discovery  of  a  new  locality  for  Sphenopteris  Teiliana  is  of 
interest.  On  the  evidence  of  the  flora  from  Teilia  Quarry,  Mr.  Eidston 
inclined  to  the  opinion  that  the  Flintshire  beds  were  the  equivalents 
of  the  Calciferous  Sandstone  of  Scotland.  On  the  other  hand. 
Dr.  Vaughan*  has  shown  that  the  fauna  of  the  Chepstow  deposits 
belongs  to  the  higher  series  (Yisean)  of  the  Carboniferous  Limestone 

»  Vaughan  :  Quart.  Joum.  Geol.  Soc.,  vol.  lii  (1905),  p.  251. 

«  KidHton :    Trans.  Roy.  Soc.  Edinb.,  vol.  uxv,  pt.  2,  p.  424,  pU  i,  fig,  3,  1889, 

>  KidfltoQ  :  ibid.,  p.  426,  pi.  ii,  figs.  8  and  9. 

*  Vaughan:  ibid.,  pp.  251  and  186. 
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Series.     It  is  quite  possible,  however,  that  this  species  may  occur  in 
both  the  lower  and  upper  beds  of  the  Lower  Carboniferous. 

The  specimens  *  discussed  here  have  been  presented  to  the  Sedgwick 
Museum  by  Mr.  Price,  who  informs  me  that  he  hopes  to  make  yet 
further  collections  from  the  Chepstow  beds.  Such  should  prove  to  be 
of  considerable  interest  if  well-preserved  impressions  can  be  obtained. 


III. — An  Excursion  to  the  Volcanoes  op  Nevado  de  Toluca  and 

JoRULLO  IN  Mexico.* 

By  BiSRNABD  HOBBON,  M.Sc,  F.Q.S., 
Lecturer  in  Petrology  and  Oeology  in  the  Victoria  University  of  Manchester. 

(PLATE  II.) 

IN  connection  with  the  meeting  of  the  Tenth  International  Geolog;ical 
Congress  in  the  city  of  Mexico,  an  excursion,  known  as  the  JoruUo 
Excursion,  was  organised,  of  which  the  following  is  an  account : — 

Nevado  de  Toluca. 

Under  the  leadership  of  Mr.  T.  Elores,  geologist  of  the  Mexican 
Geological  Institute,  a  party  of  thirty  geologists  left  Mexico  city 
(altitude  7,432  feet)  on  August  20th  for  Toluca  (altitude  8,761  feet), 
distant  46  miles  by  the  Mexican  National  liailway.  From  a  small 
hill  close  to  Toluca  an  excellent  view  of  the  town  itself  and  the 
extinct  volcano  of  Xinantecatl  or  Nevado  de  Toluca  (altitude, 
according  to  Flores,  14,973  feet),  distant  about  12J  miles  to  the 
south-west,  is  obtained.  It  lies  at  the  southern  edge  of  the  great 
Mexican  plateau  (Mesa  central),  and  has  the  form  of  an  abruptly 
truncated  cone,  resembling  that  of  Vesuvius  before  the  eruption  which 
destroyed  Pompeii  and  Herculaneum.  On  August  2l8t  we  left  Toluca 
by  train  for  Calimaya,  11  miles  distant  and  on  the  cast  side  of  the 
volcano.  At  Calimaya  station  we  were  met  by  a  body  of  ruraUs  or 
rural  mounted  police,  armed  with  carbines,  swords,  and  revolvers,  who 
were  to  form  our  escort.  They  were  holding  horses  for  our  use.  We 
mounted,  and  rode  at  first  by  a  gently  ascending  road  through  fields  of 
maize  and  agaves  (American  aloes).  The  road  then  followed  the  bank 
of  a  barranca  or  stream-gully,  which  was  dry.  Wo  dismounted  to 
examine  the  excellent  section  exposed.  The  walls  of  the  barranca 
were  composed  of  well-bedded  white  pumiccous  tuff,  the  lapilli 
varying  in  size  from  that  of  peas  to  that  of  a  fist  or  larger.  In  one 
place  the  tuff  was  seen  to  overlie  a  bluish-grey  bed  of  volcanic  sand, 
in  another  the  underlying  bed  consisted  of  soft  black  peat-like  soil, 

1  Carb.  Plant  Coll.,  Xos.  1478-1484. 

'  For  moHt  of  the  fact**  in  this  paper  I  am  indebted  to  two  papers,  "  Le  Xinantecatl 
ou  Volcan  Nevado  de  Toluca,'*  par  T.  Flores,  and  "  Le  Jorullo,"  par  E.  Orddfiez, 
both  lorming  part  of  the  *'  Guide  des  Excun>ion9  du  X«  Congr^s  Geologique 
International,  Mexico,  1906."  An  excellent  p^eneral  map  of  Mexico  on  which  the 
route  of  the  excursion  can  be  followed  is  the  "  Carte  du  Mexique.  Drcssee  au  depot 
de  la  Guerre,'*  par  Mr.  Niox,  scale  Tnoo(ny?y  =  4734  miles  to  1  inch,  date  1873,  price 
1  franc  plus  postage,  from  H.  Barrere,  21,  Rue  du  Bac,  I'aris.  Of  railways  it 
«hows  only  one,  but  the  railways  up  to  date  are  shown  on  Rand,  Mc^aHv,  &to.^% 
Indexed  Atlas  of  the  World,  Map  of  Mexico ,  scale  72  miles  to  1  incb. 
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but  the  most  interesting  point  was  the  exposure  in  the  vertical 
barranca-wall  of  a  transverse  section  across  a  small  stream-bed  filled 
with  pumiceoustuff  differing  slightly  in  colour  and  bedding- planes  from 
the  main  mass,  showing  that  water  had  played  a  part  in  the  deposit  of 
the  almost  horizontally  bedded  tuffs.  Higher  up  we  entered  a  pine 
forest,  and  climbed  a  shoulder  whence  a  splendid  view  of  the  summit 
of  the  mountain  and  the  surrounding  country  was  obtained.  After 
descending,  with  many  windings,  through  most  beautiful  woods 
almost  as  much  as  we  had  ascended,  we  reached  the  Hacienda  del 
Veladero,  where  we  lunched.  We  then  resumed  our  ascent,  following 
the  ed«»c,  crossing  and  then  following  the  bottom  of  a  deep  barranca  in 
volcanic  tuff,  until  we  reached  our  quarters  for  the  night,  two  specially 
erected  wooden  sheds.  Rising  at  5  the  next  morning,  after  a 
somewhat  sleepless  night  owing  to  the  cold,  we  ascended  through 
a  pine  forest  amid  wild  lupines.  The  sun  was  rising,  and  through 
the  beautiful  foreground  of  pines  we  saw  a  magnificent  view ;  the 
broad  and  flat  plain  to  the  east  was  filled  with  a  sea  of  cloud,  above 
which  towered  in  the  distance  the  snow-clad  cone  of  Popocatepetl 
(17,876  feet)  and  the  broader  white  summit  of  Ixtaccihuatl  (17,318 
feet).  Abruptly  the  forest  came  to  an  end  at  4,100  metres  (13,448 
feet),  and  we  rode  by  a  winding  path  on  the  treeless  but  grassy 
mountain  side  until  we  reached  a  cairn  at  one  of  the  lowest  points  on 
the  crater  rim,  whence  we  obtained  a  fine  view  of  the  interior  of  the 
crater  with  its  central  lava  dome.*  We  rode  down  the  interior  slope 
of  the  crater  to  the  shore  of  the  Laguna  Chica,  the  smaller  of  two 
lakes  of  crystal  clear  water,  which  is  separated  by  the  central  lava 
dome  from  the  Laguna  Grande,'  which  is  about  300  metres  long  by 
213  broad  and  10  metres  in  maximum  depth,  according  to  D.  Joaquin 
Velazquez  de  Leon.  The  lakes  lie  at  4,270  metres  (14,005  feet) 
above  sea-level,  hence  the  highest  point  of  the  crater  rim,  **  Pico  del 
Fraile,"  to  which  some  of  us  cHmbed,  rises  968  feet  above  their 
surface.  The  inner  slopes  of  the  crater  have  an  average  inclination 
of  30°,  and  are  covered  by  screes  to  within  a  short  distance  of  the 
rim  :  scattered  patches  of  grass  and  wild  flowers  occur  to  a  considerable 
height,  above  which  are  bare  rock  and  scanty  patches  of  snow. 
According  to  Dollfuss  &  Montseirat  the  elliptical  crater  measures 
along  its  major  axis  from  north-west  to  south-east  1,431  metres 
(1,565  yards)  by  595  metres  (650  yards)  along  its  minor  axis. 
Mr.  T.  Flores  regards  the  cone  as  built  up  of  a  series  of  lava-flows 
covered  by  pumiceous  tuff  and  breccias.  Some  of  the  lava  masses 
form  prominent  crags  around  the  crater  rim,  but  the  tuffs  form  the 
main  feature  of  the  outer  slopes  of  the  cone,  at  any  rate  on  the  north 
and  north-east  sides.  The  final  manifestation  of  volcanic  energy  was 
marked  by  the  formation  of  the  central  lava  dome.  According  to 
Mr.  E.  Ordonez  all  the  lavas  are  hornblendic  hypersthene  andesites. 
The  evidence  as  to  the  age  of  the  volcano  cited  by  Mr.  Flores  does 
not  appear  to  me  quite  convincing.     He  says  that  Mr.  J.  G.  Aguilera' 

1  See  Plate  II.  Fig.  2. 
3  See  Plate  II,  Fig.  3. 

'  '*  Basquejo  Geolo^co  de  Mexico  '* :  Boletmes  del  Insiituto  Geol6gico  de  MezioO| 
yos,  4,  5,  and  6,  p.  229. 
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refers  to  the  Upper  Pliocene  the  pumiceous  tuffs  and  breccias  of  the 
Las  Cruces,  Monte  Alto,  and  Sierra  Nevada  range  (separating  the 
basin  of  Mexico  city  from  the  valley  of  Puebla),  and  Mr.  Flores  states 
that  these  tuffs  correspond  to  those  ai-ound  the  Nevudo  de  Toluca, 
but  apparently  Mr.  Aguilera  does  not  give  his  reasons  for  assigning 
the  tuffs  he  mentions  to  the  Upper  PUocene.  As  Cretaceous  lime- 
stones underlie  the  volcano  and  Pleistocene  depofdts  overlie  the 
argillaceous  tuffs,  which  in  turn  overlie  the  pumiceous  tuffs  of  the 
volcano,  it  may  be  considered  to  be  of  Tertiary  age,  and  both 
Mr.  Flores  and  Mr.  E.  Ordonez  believe  it  to  have  first  appeared  at 
the  beginning  of  the  Pliocene.  No  eruption  is  recorded  as  having 
occurred  in  historic  times,  and  the  mountain  appears  to  have  suffered 
considerable  erosion.  We  rode  down  to  Calimaya  by  a  more  direct 
path,  and  returned  by  train  to  Toluca  the  same  evening. 

Toluca  to  JoruUo, 

August  23rd.  We  left  Toluca  by  train  for  Morelia  (altitude 
6,396  feet),  188  miles  distant,  passing  on  the  way  the  saline  lake 
of  Cuitzeo,  45  miles  long  by  10  wide,  but,  like  the  rest  of  the 
Mexican  lakes,  very  shallow,  hardly  more  than  20  to  26  feet  deep. 

August  24th  was  spent  in  Morolia,  and  on  the  25th  Mr.  Ezequiel 
Ordonez,  sub-director  of  the  Mexican  Geological  Institute  and 
Secretary  of  the  International  Congress,  who  was  to  be  our  guide 
to  Jorullo,  joined  us.  In  the  afternoon  we  left  by  train  for  Patzcuaro 
(alt.  7,183  feet),  39  miles  away.  Close  to  Patzcuaro  is  the  beautiful 
lake  of  the  same  name  (alt.  6,690  feet),  about  12^  miles  long  and 
23  feet  in  average  depth.  We  walked  from  the  town  to  the  terrace 
of  Los  Balconcs  on  the  volcanic  hill  of  El  Calvario.  From  this  point 
there  is  a  splendid  panorama  of  the  lake,  intersected  by  promontories, 
studded  with  islands  and  surrounded  bv  basaltic  cones  so  numerous, 
so  graceful,  and  so  perfectly  preserved  as  to  rejoice  the  heart  of  the 
geologist. 

August  26th.  At  6  a.m.  we  started,  accompanied  by  an  escort  of 
ruraUt,  to  ride  to  Ario,  about  28  miles  away.  After  passing  through 
maize  fields  we  rode  through  the  most  beautiful  park-like  scenery,  the 
hills  on  either  side  being  all  volcanoes,  often  beautifully  preserved 
cones  and  either  wooded  or  grass-grown  fi'om  foot  to  summit. 
Volcanoes  are  as  plentiful  in  Mexico  as  blackberries  in  England.  At 
8.45  a.m.  we  arrived  at  Santa  Clara  de  Portugal,  where  maidenhair 
ferns  grow  like  weeds  on  the  old  walls.  On  leaving  it  we  passed 
through  country  which  one  might  have  mistaken  for  a  bit  of  the 
English  Lake  District,  but  no  lakes  were  visible,  and  on  a  near  view 
the  vegetation  differed.     We  arrived  at  Ario  (alt.  6,200  feet)  at  2.30. 

August  27th.  We  left  Ario  at  6  a.m.  Our  road  was  chiefly  down- 
hill; we  were  descending  the  southern  escarpment  of  the  Mexican 
plateau.  The  vegetation  became  more  tropical ;  bananas,  mimosas,  and 
Opuntias  were  common,  and  small  well- wooded  volcanic  cones  were 
numerous.  At  9.35  we  reached  Kancho  Nuevo  (alt.  4,593  feet), 
11  miles  from  Ario.  We  left  at  12.40  and  continued  to  descend, 
passing  through  a  pine  forest.  In  an  hour  we  were  among  fan-)^almA« 
and  aa  we  reached  lower  levels  they  increased  in  num\)er.    Tl.ei^  oiidL 
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there  a  Ficus  had  entwined  its  stem  with  that  of  a  palm,  and  orchids 
grew  among  the  branches.  We  passed  the  Hacienda  La  Playa,  and 
descended  to  the  bottom  of  the  natural  amphitheatre  in  which  Jomllo 
lies.*  Giant  trees  dropped  their  adventitious  roots  to  the  ground, 
climbing  plants  entwined  their  trunks,  exquisite  natural  ferneries 
were  on  every  hand,  but  what  most  delighted  us  was  the  abundance 
of  streams  and  the  greenness  of  the  luxuriant  tropical  vegetation.  At 
5.15  p.m.,  after  15  miles  ride  from  Rancho  Nuevo,  we  reached  the 
comfortable  house  at  Mata  de  Platano,  south-east  of  Jomllo,  which 
the  copper-mining  Compaiiia  de  Inguaran  had  placed  at  our  disposition. 
At  last  wo  had  arrived  at  the  goal  of  our  journey,  the  historic 
volcano,  which  first  appeared  in  September,  1759,  and  was  visited  in 
1803  by  Alexander  von  Humboldt,  whose  description*  has  made  it 
classic  ground  for  the  geologist. 

Jorullo, 

As  already  mentioned,  JoruUo  lies  at  the  bottom  of  a  great  natural 
amphitheatre,  %i  miles  in  diameter,  formed  by  erosion  in  the  Central 
Plateau,  and  with  its  concavity  facing  south.  Within  this  amphi- 
theatre the  volcano  stands  upon  a  raised  platform  or  minor  plateau 
of  old  basaltic  lavas,  named  the  Mesa  de  la  Higuera,  the  surface  of 
which  is  inclined  towards  the  south  and  west.  On  every  side  stand 
older  basaltic  cones,  such  as  the  Cerro  Blanco,  1^  miles  to  the  south, 
Cerro  del  Bonete,  1  mile  to  the  east,  Cerro  del  Saucito,  1^  miles 
north-east,  Cerro  de  la  Cruz,  2^-  miles  north-west,  Cerro  del  Veladero, 
2\  miles  west.  Looking  northward  from  the  Pico  de  Humboldt,  the 
north-eastern  summit  of  Jomllo  crater  rim,  one  sees  the  escarpment 
of  the  great  plateau  rising  over  3,000  feet  above  the  floor  of  the 
amphitheatre  and  densely  wooded ;  the  western  side  of  the  amphi- 
theatre is  formed  by  the  dioritic  chain  of  Las  Canoas.  the  eastern  by 
the  chain  of  Inguaran,  while  towards  the  south  rise  ranj?e  after  range 
of  mountains  until  in  the  far  distance  the  great  Sierra  Madre  del  Sur 
closes  the  view.  Only  immediately  to  the  west  of  the  cone  is  there 
a  comparatively  level  space  of  3^  square  miles  covered  by  the  lava- 
flows  of  Jomllo.  Kising  from  the  plateau  of  Higuera,  and  ranged  in 
a  liiH!  running  from  N.  35°  E.  to  S.  35°  W.  true,  stand  four  cones,  not 
six  as  older  observers  reported.  These  are  the  vents  of  Jomllo,  though 
only  the  largest  of  the  four  is  properly  so  called,  the  other  minor  (not 
parasitic)  cones  being  termed  *  volcancitos '  or  small  volcanoes. 

The  Chief  Cone, 

Although  the  highest  part  of  the  cone  (termed  by  Ordonez  Pico  de 
Riafio)  reaches  4,330  feet  above  sea-level,  Jomllo  is  not  imposing 
from  its  size,  for  even  on  the  west  side  it  only  lises  1,312  feet,  and  on 
the  east  side  only  574  feet  above  its  base.  It  is  hardly  an  exaggeration 
to  say  that  there  are  scores  of  nameless  volcanoes  in  Mexico  of  equal 
size,  though  not  of  equal  interest. 

'  Humboldt  mentions  guavas  {Ptidinm  pyHferum)^  a  fan-palm  (Corypha  pumos) 
now  called  Coitei-nicia  pumo*^  and  an  alder  {Alnus  Jorullemis)  at  the  Playas  de  Jorullo. 

2  *'Kosmo8":  J.  G.  Cotta'sche  Verlag,  Stuttgart,  vol.  iv  (li<58),  pp.  334-348, 
and  Engliah  transktion  by  Ott6  &  Dallas,  Bohn's  Library,  1865,  vol.  v,  pp.  308-323. 
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It  is  of  regular  conical  form,  its  summit  broadly  truncated  by 
a  comparatively  large  crater.  Its  sides  slope  at  angles  varying  from 
28°  to  35°,  the  higher  angle  being  met  with  on  its  southern  and 
western  sides.  It  appears  most  symmetrical  as  seen  from  the  south, 
on  which  side,  more  especially,  its  slopes  are  traversed  by  numerous 
narrow,  deep,  and  straight  radiating  furrows  or  barrancas  due  to 
erosion.  It  is  most  impressive  as  seen  from  the  west,  as  on  that  side 
its  height  above  its  base  is  greatest.  Seen  from  the  west  the  latest 
(No.  iv)  lava-flow  rises  as  a  lofty  black  prominent  and  very  con- 
spicuous ndge  forming  an  unsymmetrical  appendage  on  the  north  side 
of  the  cone.     (See  Plate  I,  Fig.  1.) 

To  resume  the  account  of  our  visit.  August  28th.  In  the  early 
morning  we  walked  down  the  hill  at  Mata  de  Platano,  ci*os8ed  the 
stream  at  its  foot,  and  followed  a  dry  stream  bed,  in  well-stratified 
black  lapilli  of  Jorullo,  to  the  east  side  of  the  cone,  where  the  ascent 
proper  began.  The  outer  slope  of  the  cone  is  composed  of  completely 
incoherent  black  lapilli  mostly  about  the  size  of  peas.  In  this  soil 
grows  from  foot  to  summit  of  the  cone  a  dense  tropical  vegetation  of 
mimosas  or  acacias  and  other  trees  (reaching  15  or  20  feet  in  height), 
shrubs,  grass,  and  maidenhair  ferns.  The  grass  does  not  form  a  con- 
tinuous covering,  but  everywhere  the  lapilli  are  exposed,  and  nothing 
essential  appears  to  be  concealed,  so  that  the  luxuriant  flora  can  hardly 
be  considered  a  drawback  by  the  geologist,  while  it  greatly  adds  to  the 
attractiveness  of  the  ascent.  We  were  half-way  up  the  cone  when 
a  tropical  downpour  of  rain  began  and  lasted  half  an  hour.  The  sky 
cleared  and  we  soon  reached  the  north-eastern  summit  of  the  crater 
rim  which  Mr.  E.  Ordoiiez  has  christened  Pico  de  Humboldt.  From 
this  point  there  is  a  splendid  view  of  both  the  immediate  neighbourhood 
and  the  more  distant  country. 

The  Crater. 

The  first  feature  to  arrest  our  attention  was  the  crater.  It  is  ovoid 
in  form,  and  measures  along  its  major  axis  from  north  to  south 
568  yards  by  421  yards  from  east  to  west,  and  its  depth  from  the 
highest  part  of  the  rim  is  489  feet.  A  breach  500  feet  wide  and 
about  200  feet  deep  hus  been  formed  on  the  northern  side  by  the  last 
outflow  of  lava.  While  the  exterior  of  the  cone  consists  of  hipilli  and 
agglomerate  the  interior  of  the  crater  forms  an  inverted  conical  cavity 
coated  with  lava  weathered  to  a  reddish  brown  and  almost  bare  of 
vegetation.  A  series  of  curved  fissures  formed  hv  the  contraction 
of  the  lava  in  cooling  has  allowed  the  inner  lava  lining  of  the  crater  to 
sink  in  a  series  of  terraces  bounded  by  steep  or  vertical  walls.  The 
rim  of  the  crater  is  a  mass  of  very  scoriaceous  rough  lava,  very  difficult 
to  walk  over,  and  in  places  very  narrow\  We  made  our  way,  however, 
along  it  to  the  west  side  of  tlie  rim,  whence  a  bird's-eye  view  of  the 
lava- streams  is  obtained. 

*     The  Lava- Streams  and  Fumaroles, 

Ordonez^  gives  an  excellent  geological  map,  scale  iroi^xrTr  or 
2*11    inches    to    1    mile,    of    the    Jorullo    volcanoes    (from    which, 

^  Loe.  cit. 
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curiously  enough,  all  the  watercourses  are  omitted).  According  to 
his  map  and  description  JoruUo  gave  rise  to  four  lava-streams,  which 
Ordonez  calls  'malpays,'  literally  *bad  lands.'  The  first  and  oldest 
of  these  was  the  most  extensive,  and  each  succeediDg  one  was  of  less 
extent.  The  first  flow  was  the  fii-st  feature  to  be  formed  after  the 
opening  of  the  vent  or  vents,  and  like  the  second  flow  probably  issued 
from  the  western  foot  of  the  Higiiera  plateau.  It  covered  an  area 
about  3,280  yards  long  by  3,060  yards  broad,  or  approximately 
3J  square  miles.  The  second  flow  covered  a  little  more  than  half  the 
area  of  the  first,  and  in  most  places  overlies  its  predecessor.  The 
marfi:in  of  the  second  flow  forms  a  kind  of  wall  130  to  160  feet  high. 
Ordonez  holds  that  not  until  these  two  flows  had  taken  place  did  the 
vents  enter  on  an  explosive  phase  and  form  the  four  cones  which  we 
now  see.  The  last  two  of  the  four  lava-flows  took  place  exclusively 
from  the  main  cone  of  Jorullo  itself  by  the  breach  already  mentioned. 
Looking  down  upon  lava-stream  No.  iii  from  the  summit  of  the  cone, 
we  could  clearly  distinguish  its  margins  and  its  black  surface,  and  even 
trace  the  curves  of  flow  of  its  surface,  their  convexity  facing  down* 
stream  and  outlined  by  green  lines  of  vegetation  growing  on  it.  The 
fourth  and  last  of  the  lava-streams  is  so  iresh  and  di^void  of  vegetation 
that  I  think  personally  it  must  be  much  later  in  date  than  the  first. 
Its  surface  is  not  ropy,  but  exceedingly  rough,  scoriaceous,  and  of  the 
*aa'  type  of  the  Hawaiian  volcanoes.  Just  outside  the  crater,  the 
upper  surface  of  the  stream  having  solidified,  while  the  still  liquid 
lava  within  flowed  on,  a  tunnel  was  formed  in  the  lava,  the  roof  of 
which  ultimately  collapsed  and  left  a  channel  full  of  d6bris  about 
1,640  yards  long,  about  230  to  330  feet  wide,  with  walls  16  to 
33  feet  high.  This  is  called  the  **  Calle  de  las  Ruinas"  or  **  Street 
of  liuins.'* 

As  already  mentioned  the  latest  lava-stream  forms  a  prominent 
ridge,  and  its  sides,  far  from  lying  in  or  accommodating  themselves 
to  a  pre-existing  valley,  rise  with  almost  wall-like  precipitous 
steepness  from  the  surface  of  the  cone.  Another  noteworthy  point, 
well  shown  on  'the  map  of  Ordonez,  is  the  fact  that  all  the  lava- 
streams  have  flowed  to  the  west  or  north  and  not  to  the  east  (except 
a  portion  of  the  latest  stream).  This  westerly  flow  is  due  to  the 
westward  slope  of  the  plateau  of  Higuera.  Several  fumaroles,  which 
at  present  give  off  only  steam  at  a  temperature  of  75*^  C,  occur  in  the 
crater  and  on  the  latest  lava-flow,  and  Ordonez  found  a  temperature 
of  165°  C.  at  a  depth  of  1  metro  in  a  fumarole  on  the  last  lava-flow. 

27ie  Volcancitos  and  Volcanic  Bombs. 

From  the  crater  rim  of  Jorullo  the  volcancitos  are  well  seen.  Like 
the  main  cone,  the  volcancitos  are  composed  of  lapilli  from  the  size  of 
a  nut  to  that  of  a  fist,  and  like  it  too  are  clothed  with  verdure  from 
base  to  summit.  The  Volcancito  del  Norte  is  about  1,500  yards 
north  -  east  of  the  main  cone,  rises  to  3,903  feet,  or  377  feet 
above  its  eastern  base  (the  plateau  of  Higuera) ;  the  Volcancito  de 
Enmedio  (middle  cone)  lies  about  1,500  yards  south-west  of 
the  main  cone,  rises  to  3,411  feet,  or  180  feet  above  its  eastern 
ba^e;   while  the  Volcancito  del  Sur  (southern  cone),  about  a  mile 
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south-west  of  the  main  cone,  rises  to  3,592  feet  or  394  feet  above  its 
base.  In  all  three  cases  the  western  base  is  180  feet  lower  than  the 
eastern.  Between  the  main  cone  and  the  Volcancito  de  Enmedio  are 
several  mounds  of  volcanic  sand  and  lapilli,  which  have  been  regarded 
by  previous  observers  as  additional  cones,  but  which,  according  to 
Ordonez,  show  horizontal  bedding-planes  and  not  tbe  structure 
characteristic  of  cones  of  eruption.  The  outer  slopes  of  the  volcancitoft 
are  as  steep  as  those  of  the  main  cone,  reaching  as  much  as  35°.  All 
three  volcancitos  are  horse-shoe  shaped,  being  breached  on  theii^ 
western  side.  Mr.  Ordonez  gives  an  explanation  of  this  breaching- 
which  I  find  it  difficult  to  accept.  He  says  :  ^  **  En  effet,  ces  cones, 
peu  elev6s  et  d'un  volume  relativement  faible,  reposaient  sur  la  lave, 
alors  incompl^tement  solidifiee ;  et  celle-ci  dans  son  mouvement  lent 
de  descente,  entralna  avec  elle,  la  partie  de  ces  edifices,  qui  avait  pour 
base  cet  instable  piedestal,  et  leurs  pans  detaches,  perdirent  r6quilibre 
et  so  r6duisirent  en  morceaux."  I  should  have  thought  it  more 
probable  that  each  was  breached  in  the  ordinary  way  by  an  outflowing^ 
lava-stream,  but  Mr.  Ordonez  maintained  that  such  was  not  the  case, 
and  time  did  not  permit  me  to  settle  the  question  by  an  adequate 
examination  of  the  ground. 

The  volcancitos  are  characterised  by  the  abundance  of  volcanio 
bombs,  which  occur  in  their  cones  and  appear  to  be  absent  from,  or 
scarce  in,  JoruUo  proper.  These  bombs  are  spherical,  ellipsoidal,  or 
fusiform,  and  sometimes  show  the  fractured  concentric  layers  known 
as  bread-crust  structure.  They  are  mostly  as  big  as  a  man's  head, 
but  may  reach  a  cubic  metre  in  size.  On  our  way  back  from  JoruUo 
to  Mata  de  Platano  on  August  28th,  we  saw  many  excellent  examples- 
of  them  in  the  southern  slopes  of  the  Volcancito  del  Sur.  On 
August  29th  we  left  Mata  de  Platano  and  walked  along  the  eastern 
foot  of  JoruUo,  and  then  turned  westwaixls  along  the  southern  side  of 
the  Volcancito  del  Norte  and  the  northern  edge  of  the  latest  lava- 
stream  of  Jorullo,  afterwards  crossing  flows  Nos.  iii,  ii,  and  i, 
which  are  more  or  less  covered  with  vegetation  which  is  not  dense, 
the  trees  occurring  scattered  as  in  a  park. 

The  ITornitos. 

We  examined  several  *hornitos*  (literally  'little  ovens*).  These 
are  circular  or  elliptical  mounds,  generally  perhaps  10  to  15  feet  long 
and  3  to  5  feet  high,  consisting  exteraally  of  numerous  layers  of 
incoherent  small  black  lapiUi  or  volcanic  sand,  each  layer  from  one-fifth 
of  an  inch  to  2  inches  in  thickness,  arranged  concentrically  and 
parallel  to  the  outer  surface,  forming  domes  with  qua-qu^-versal  dip 
of  the  layers.  Most  of  the  hornitos  have  an  opening  through  which 
gases  and  vapour  formerly  escaped,  and  they  all  contain  a  solid  or 
hollow  nucleus  of  the  underlying  basaltic  lava.'  They  are  simply 
surface  vapour  vents  of  the  lava-streams  coated  with  layera  of  volcanic 
sand  and  lapilli  which,  occurring  in  thick  accumulations  near  the  four 
cones,  overspread  the  older  lava- streams  of  JoruUo,  but  not  the  latest, 
which  hence  appears  to  be  the  result  of  the  final  effort  of  the  volcano* 

*  Loc.  cit..  p.  36. 

«  For  details  see  the  paper  by  Orddhez  already  mentioned. 
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The  homitos  do  not  agree  with  Humboldt's  description,  part  of  which 
is  as  follows :  ^'  Each  of  the  numerous  Homitos  consists  of  weathered 
balls  of  basalt,  with  pieces  separated  in  concentric  shells ;  I  could 
often  count  24  to  28  such  shells.  The  balls  are  somewhat  spheroidally 
flattened,  and  are  mostly  16  to  18  inches  in  diameter;  but  also  vary 
from  1  to  3  feet  .  .  .  .*  The  soft  mass  of  clay  which  unites  the 
balls  is,  strangely  enough,  divided  into  curved  lamellae,  which  wind 
about  through  all  the  interstices  of  the  balls.''  In  this  description 
Humboldt  appears  to  have  been  in  error. 

Petrography.  ' 

As  to  the  petrographical  nature  of  the  lavas  of  Jorullo,  according  to 
Ordonez  they  are  olivine  basalts,  and  there  is  no  appreciable  difference 
between  the  successive  lava-streams.  Specimens  collected  by  me  from 
the  top  of  the  main  crater  rim,  the  surface  of  the  termination  of  lava- 
stream  No.  iv,  and  the  lapilli  of  the  main  cone  agree  in  essentials. 

Phenocrysts.  Olivine  is  present  in  all  cases ;  augite,  almost  colourless 
in  thin  section,  is  less  common ;  plagioclase  (contrary  to  Mr.  Ordonez's 
observation  **une  premiere  g6nlration  de  feldspath  manque  presque 
<;ompl^tement")  occurs  in  numerous  small  phenocrysts  (except  in  the 
lapilli).  Brown  hornblende  crystals,  with  a  dark  resorption  border, 
occur  like  phenocrysts  (but  may  be  inclusions).  It  was  absent  from 
the  lapilli. 

The  groundmass  makes  up  the  bulk  of  the  rock,  and  consists  of 
small  but  idiomorphic  crystals,  viz.,  felspar  laths,  augite  crystals, 
olivine,  often  reddish  brown,  and  specks  of  black  iron  ore,  all  embedded 
in  a  brownish  globulitic  glass  filling  the  interstices  between  the  felspar 
laths  and  most  abundant  in  the  lapilli. 

The  older  basalts  of  the  plateau  of  Higuera  and  the  older  volcanic 
•cones  are  distinguished  from  those  of  Jorullo  by  the  presence  in  them 
of  nepheline  and  hypersthene. 

After  examining  the  hornitos  on  August  29th  we  made  our  way  to 
the  Hacienda  La  Playa,  whence  we  rode  to  Ario,  and  on  the  30th  to 
Patzcuaro,  which  we  left  on  the  31st  by  train  for  Mexico,  arriving 
there  at  6.30  a.m.  on  September  1st. 

Humholdfs  Craters  of  Ukvation, 

Humboldt*  considered  Jorullo  an  example  of  one  of  Yon  Buch's 
•eraters  of  elevation  due  to  the  swelling  up  of  a  pre-existing  surface. 
Of  this  there  is  not  the  slightest  evidence.  Mr.  Ordonez '  thinks  the 
•eye-witnesses  of  the  welling  up  of  the  earlier  lava-streams  of  Jorullo 
were  misled  by  them  into  thinking  that  the  ground  had  risen  in 
swellings. 

Th€  possible  existence  of  a  Line  of  Fissure, 

Mr.  Ordonez,  while  not  rejecting  a  priori*  the  hypothesis  that  the 
four  cones  of  the  Jorullo  group  are  on  u  line  of  fissure,  does  not  favour 

*  I  translate  from  the  German  edition  of  **  Eosmos,"  vol.  iv,  pp.  340,  341  (J.  G. 
<^otta'Kcbcr  Verlag,  Stuttgart,  1858) ;  English  version  (Bohn's,  1866),  vol.  v,  p.  317. 

»  **  Kosmos,**  vol.  iv,  pp.  340,  336. 
'  Loc.  cit.,  p.  42. 

*  Loc.  cit.,  p.  22. 
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it.  He  says  :  *  **  A  peine  le  sable  volcanique  est-il  emporte  de  quelque 
endroit  immediatement  voisin  des  cones  que  d6j^,  le  basalte  ancien  des 
plateaux  apparalt,  dans  sa  position  primitiye,  sans  avoir  6prouve,  par 
suite  des  Eruptions  le  moindre  deplacement.  C*est  pour  cela  que  nous 
croyons  que  les  cones  se  sent '  formes  autour  de  petits  tubes,  ou 
chemin6es,  et  non  sup  une  fracture  continue."  With  regard  to  the 
No.  i  laya-stream  he  says :  *  *'  L'obscryation  du  terrain  semble  etablir 
que*  dans  la  formation  du  malpays  le  plus  etcndu  ct  le  plus  ancien, 
ont  participe  des  laves  qui  sortaient  simultiin^ment,  des  quatre  benches 
et  qui,  dans  leur  course,  se  sent  fondues  uu  point  de  ne  plus  constituer 
qu'im  seul  gateau." 

With  all  deference  to  Mr.  Ordoiiez  I  venture  to  tentatively  suggest 
the  following  hypothesis.  We  may  have  here  a  most  interesting 
example  of  the  transition  from  fissure  eruptions  to  crater  eruptions. 
The  lava-streams  Nos.  i  and  ii,  each  of  wliich,  as  I  understand  him, 
cannot  be  separated  into  portions  according  to  the  vents  which  gave 
rise  to  them,  may  well  have  both  issued  from  a  fissure.  This  fissure 
being  partially  obstructed  may  then  have  retained  four  openings 
through  which  the  f ragmen tal  materials  of  the  four  cones  were  ejected. 
Finally,  the  vent  of  the  main  cone  alone  remained  open  and  gave  rise 
to  the  last  two  lava-streams. 

EXPLANATION  OF  PIATE  II. 

DeSCEIPTIOX   of   PHOTOGUArHS. 

Fig.  1,  Jorullo.     Figs.  2  and  3,  Nevado  de  Toluca. 

Fig.  1. — ^View  of  Jorullo  from  the  maji^notic  west,  showing  its  wooded  slopes,  the 
lateet.  No.  iv,  lava-stream  insuin^  Irom  tlie  cono  hi;>:ii  up  on  the  left,  and  in 
the  foreground  the  park-like  voi^^etation  on  the  No.  ii  lava-t*tream. 

Fio.  2. — View  of  the  crater  of  Nevado  do  Toluca.  Tlie  hridl«*-path  leading  down 
into  the  crater  on  the  rijrht,  a  part  of  the  Lajruua  ('liira  witli  the  central 
lava  dome  immetliately  hi-hind  it,  and  behind  the  dome  tht;  interior  slopes 
ooYered  with  screes ;  aud  ou  tlie  leit  the  Pico  del  Fniile,  or  hii^hest  point 
of  the  crater  rim. 

Fio.  3. — View  of  the  crater  of  Nevadt»  de  Toluca  looking  N.E.  from  high  up  on 
the  S.W.  crater  rim.  In  the  centre  the  Lagiina  Grande  with  the  lava  dome 
on  the  right,  and  in  the  right  foreground  part  of  a  scree  with  patches  of 
snow. 

IV. — Pipe-Amygdaloids. 
By  A.  L.  Du  Toit,  B.A.,  F.G.S.,  Geological  Sur\-ey  of  Cape  Colony.^ 

PIPE-AMYGDALOIDS,  although  recorded  in  tlie  Deccan  Traps  of 
India  and  in  Tertiary  Basalts  from  Mull,  arc  ratlier  uncommon 
rocks  except  in  South  Africa.  Tliey  wore  described  by  Professor 
E.  Cohen,*  who  obtained  his  specimens  tlirough  Mr.  J.  Oi-pen  from 
the  Stormberg  lavas  (Lower  Jurassic)  of  Basutoland,  a  formation  in 
which  they  are  very  abundant.     Since  then  they  have  been  found 

>  Loo.  cit.,  p.  23. 

•  Loc.  dt.,  p.  41. 

'  With  the  pennission  of  the  Geological  Commission. 

•  Cohen,  ••  Ueber  einige  eigenthiiraliche  Melaphvr-Mandelfiteine  aus  Siid-Afrika'* : 
KeOM  Jahibuch,  1876,  p.  113.  /'  Mandelstein  aus' den  Maluti- Bergen, Siid-Afrika"  : 
Hud.,  1880,  pp.  1,  96. 
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in  other  Tolcanic  formationB,  e.g.,  in  the  very  ancient  lavas  of  the 
Ventcrsdorp  tjyntem  iu  tlie  DiriBions  of  Eimberloy  and  £arkl;-  West, 

in  the  Bushveld  Amrgilaloid  of  the  Transvaal  and  the  liasalts  ot 
the  Lcbombo  and  Zutuland  (which  all  overlie  rocks  belongln);  to 
the  Karroo  Sy»itcm),  and  in  the  volcanic  fiasure  of  the  Zuurberg 
in  the  Capo  Colony  (probably  of  post-Neocomiaa  ago).  They  have 
a  striking  resemblance  to  oiganio  etructures,  and  Cohen  likens  them 
to  ccrtiiiu  corals ;  in  some  exposures  of  lava  the  little  pencils  of 
vhito  zeolite  studding  the  surnice  remind  one  of  the  casts  of  vorm 
burrows. 

The  pipe-amygdaloid  never  occurs  in  the  middle  or  upper  portion 
«f  a  flow,  only  at  the  extreme  base  whore  the  lava  rests  upon  an 
earlier  extrusion  or  upon  sandstone  or  rolcanic  ash.  In  Barkly  East 
pipes  have  been  found  in  oval  masses  of  lava  embedded  in  sandstona 
or  axil  and  representing  bomb-like  masses  ot  molten  lock  ejected  from 
neighbouring  volcanic  necks.  Here  too  they  only  appeur  on  the 
undersides  of  such  masses  and  never  on  their  upper  surfaces. 

The  rock  containing  the  pipes  is  usually  a  vesicular  lava,  but  not 
necessarily  bo  ;  sometimes  the  material  may  be  quite  compact  without 
any  other  vesicles. 

The  amygdales  are  commonly  from  four  to  six  inches  in  length, 
with  about  the  diameter  of  a  quill ;  sometimes  they  may  reach  about 
-double  that  length.  The  vesicles  are  cylindrical  in  cross-section 
witii  occasional  small  swellings,  and  as  they  are  traced  upwards 
into  the  flow  the  tubes  are  found  to  unite,  giving  rise  to  a  branching 
structure  (Fig.  1 ). 


Larger  tubes  are  also  found,  and  are  rather  irregular  in  croi»> 
section  and  constricted  at  points,  The  vesicles  are  filled  in  with 
calcite  and  chalcedonic  silica  in  the  case  of  the  Vcotersdorp  lavas  and 
with  zeolites  in  the  later  volcauics. 

Before  discussing  the  mode  of  origin  of  these  curious  amygdales  it 
will  be  of  advantage  to  describe  certain  allied  structures  found  in 
some  of  the  compact  diabosic  lavas  of  the  Ventcrsdorp  System  rf 
Sarkly  West, 
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The  lavas,  which  are  buried  alnioBt  horizontiilly  here,  are  in  places 
traversed  by  nearly  vertical  cylindera  o[  arnvgdaloidal  rock  from 
one  to  six  inches  ia  diameter  nod  with  consLderable  lenffth.  Cross- 
aectiotts  are  circular,  elliptical,  cresoentiform,  or  a  little  irregular 
in  outline ;  the  spacing  of  these  vesicular  portions  ia  usually  very 
irreRular. 

The  cylinder  walls  are  clearly  defined  from  the  enclosing  compact 
diabase,  owing  to  the  occurrence  on  their  puriplieries  of  closoly-aet 
Tesicles  elongated  in  a  vertical  direction;  apart  from  their  vesicular 
character,  there  seems  to  be  no  difference  in  the  nature  of  the  material 
composing  them  (Fig.  2). 


Fio.  2,— Vesicle  cylinders  in  diabasio  lava  from  BarWy  Waat.    [a)  longitudinal 
fracture  along,  (c)  trniisTerse  fmcture  acrnas,  a  cyliniier.   In  [/<)  n  '       ■  ■     ■ 

' '    '  >  .    .     "^ra»ii  Bbout  ■      ■     ■      ■ 


coaleeecd  to  form  b 


nygijale.'     (Dra' 


.tin; 


At  the  town  of  Barkly  West  a  bed  of  this  diabase  rests  upon  an 
earlier  extruded  sheet  of  amygdaloid,  and  the  lower  ci^ht  or  ten  feet 
of  the  compact  rock  is  traversed  by  many  cylinders  of  resieles. 
In  some  of  the  cylinders  certain  numbers  of  the  bubbles  have 
coalesced  to  form  iri'egular  pitted  cavities,  and  in  one  case  a  long 
pipe-amygiiale,  about  two-thirds  of  an  inch  in  diameter,  has  been 
produced  ;  ordinary  pipe -amy  gilalcs  are  developed  in  places  at  the 
extreme  base  of  the  flow. 

The  cylindi-rs  may  terminal*  sharply  upwaitls  in  the  form  of 
%  cone-shaped  mass  of  vesicles,  or  the  bubbles  may  become  diffused 
through  the  diabase. 

The  vesicular  portions  of  the  rock  are  raore  readily  attacked  by 
weathering,  and  surlaces  of  the  diabase  eshibit  shallow  pits.  At 
Niekerk's  Rush,  on  tlio  Vaal  Uivcr,  these  liollows  are  so  regularly 
spaced  in  the  diaba.w  along  the  river  bank  as  to  have  led  many 
persons  to  imagine  them  to  bo  the  footprints  of  prehistoric  animals. 
The  areas  are  D-ahaped  in  plan  and  similarly  oriented ;  the  convex 
side  apparently  indicates  the  direction  of  a  movement  in  the  lava 
during  its  sol idifi cation. 

Structures  having  a  very  great  resemblance  to,  and  in  some  cases 
apparently    identical    with,   these    have    been    described    from    the 


16  A.  L.  Dn  Toit — Pipe- Amy gdaloida. 

Melaphyre  of  Darmstadt  by  Kuppers,*  Klem,'  Wittich,*  and  others 
imder  the  names  of  **  separation -bodies,  contraction-cylinders,  and 
bubble- trains."  The  lava  being  rather  weathered,  the  cylinders  break 
out  from  the  melaphyre,  but  sometimes  the  continuity  of  the  material 
still  exists  in  places.  Like  the  Barkly  West  examples  these 
structures  are  only  found  in  the  lower  part  of  the  upper  of  two 
lava-flows,  the  rock  above  passing  into  a  normal  amygdaloid. 
Witticli  explains  them  on  the  supposition  that  the  upper  portion 
of  the  second  flow  became  chilled  rather  rapidly,  so  that  the  bubbles 
Ibrmcd  from  the  vapour  given  out  in  the  lower  portion  were  unable 
to  (.scape.  Kuppers,  on  the  other  hand,  considers  them  as  duo  to 
contraction  during  solidili cation.  Neither  of  these  views  seems  to 
account  satisfactorily  for  the  Darmstadt  examples,  nor  will  either 
of  them  hold  in  the  case  of  the  Barkly  West  specimens,  occurring 
as  thoy  do  in  a  rock  which  is  otherwise  devoid  of  amygdales. 

I  think  there  can  be  little  doubt  that  the  gas  which  filled  the 
vesicles  in  these  structures  has  not  come  from  the  lava-flow  itself, 
but  has  been  derived  from  cavities  and  fissures  in  the  rock  underlying. 
The  lava  being  in  most  cases  too  mobile  for  the  successful  production 
of  ])ipe-ainygdales,  the  bubbles  have  ascende<l  from  the  bottom  in 
continuous  rows  and  thus  ibrmed  *  bubble-trains.*  Vertical  sheets 
of  aniy^daloidal  rock  in  the  diabase  probably  indicate  that  the  gas  has 
been  omitted  from  a  long  fissure,  while  its  evolution  over  a  wider  area 
would  account  for  the  masses  of  vesicular  material  of  irregular  outline 
and  several  scjuare  feet  in  section  occasionally  seen.  It  is  perhaps 
even  possible  that  wdth  a  great  irruption  of  gas  from  below,  a  lava-flow 
that  would  otherwise  have  been  compact  might  in  great  part  become 
converted  into  amygdaloidal  rock. 

The  gas  may  have  consisted  either  of  the  air  entangled  in  the  lower 
lava-How  or  of  steam  foimed  bv  the  vapourising  of  water  contained  in 
it  or  else  overlying  it.  In  the  case  of  the  Ventersdorp  lavas  there 
is  not  sufficient  evidi^nce  to  show  whether  they  were  subaqueous 
in  cliaracter,  although  ccM'tnin  interbedded  quartzitcs  point  in  that 
din ction.  The  Storniberg  lavas,  however,  contain  towards  their  base 
inlercalations  of  sandstone,  shale,  and  volcanic  ash,  and  the  earlier 
flows  have  undoubtedly  been  erupted  subaqueously. 

Trofessor  Schwarz  *  has  attenipt^nl  an  explanation  of  the  pipe- 
amygdalcs  based  upon  Wittich's  views,  but  I  think  that  there  is  more 
likelihood  of  their  having  been  formed  by  the  steam  genei'ated  in  the 
flowing  of  the  molten  rock  over  moist  surfaces;  this  is  the  theory 
adopted  to  explain  tlie  Indian  examples.* 

As  Cohen  pointed  out,  the  condition  essential  to  the  formation  of 
these  elongated  amygdales  was  that  the  lava  should  be  sufficiently 
visci<l.  In  thin  sections  of  the  amygdaloids  the  vesicular  cavities 
rarely  show  evidence  of  having  originated  prior  to  the  crystallization 

1  Kuppere:  Centralblatt  fiir  Min.  Geol.u. Pal.,  1901, pp.  481,609;  1902,p.521; 
1903,  p.  409. 

2  Klem:  ibid.,  1903,  p.  217. 

3  AVittich :  Tschennak's  Min.  u.  Petrogr-  Mitt.,  vol.  xxi  (1902),  p.  185. 

*  Schwarz  :   Ann.  Rep.  Geol.  Crtmmissi'on  for  1902,  p.  67. 

*  Medlicott  &  Blanford  :  **  Geology  of  India,**  1893,  p.  2^)1. 
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>f  most  of  the  felspar ;  more  commonly  lath-shaped  plagioclases  and 
A  many  cases  prisms  and  granules  of  augite  project  into  the  hollows.^ 
Ihis  shows  that  the  lavas  as  they  issued  from  the  volcanic  pipes 
Donsisted  of  viscous  and  partially  crystallized  material. 

In  hand  specimens  the  actual  base  of  a  flow  containing  pipe- 
amygdales  for  a  distance  of  from  a  quarter  of  an  inch  up  to  two  inches 
contains  small  vesicles,  or  as  one  may  almost  term  them  *  undeveloped 
pipes.*  Above  this,  where  the  temperature  of  the  rock  would  have 
been  greater,  the  lava  is  crowded  with  tubular  vesicles  which  run  into 
one  another  as  they  are  followed  upwards  and  give  rise  to  a  branching 
structure.  After  these  terminate  we  may  find  elongated  or  irregular 
vesicles,  evidently  *  pipes  '  that  have  risen  bodily  through  the  lava  and 
have  become  more  or  less  modified  by  movement  and  temperature. 
Sometimes  similar  amygdales  are  found  above  these,  but  as  a  rule 
at  a  distance  of  a  few  feet  above  the  base  of  the  flow  the  normal  rock, 
vesicular  or  compact,  is  found. 

Commonly  the  pipes  are  arranged  perpendicularly  to  the  base  of  the 
flow,  but  sometimes,  and  this  is  commonly  the  case  in  Barkly  East, 
the  amygdales  are  much  inclined.  Deviations  up  to  60  degrees 
from  the  normal  are  found,  indicating  motion  of  the  lava  during  their 
formation. 

In  some  parts  of  the  Drakensberg  pipe -amy  gdaloids  are  very 
abundant ;  close  to  the  town  of  Barkly  East  there  are  over  a  dozen 
horizons  within  a  thickness  of  not  more  than  200  feet  of  rock. 

An  interesting  pamllel  to  the  way  in  which  I  have  supposed  the 
pipe-amygdales  to  have  been  formed  is  atforded  by  some  experiments 
of  Messrs.  J.  I' Anson  &  E.  A.  Parkhurst.*  Bubbles  of  carbonic  acid 
ga.s  carrying  with  thom  some  sulphuric  acid  were  allowed  to  rise 
through  a  solution  of  an  alkaline  silicate,  and  formed  in  their  upward 
passage  peculiar  delicate,  irregular,  and  branching  tubules  of  colloidal 
silica  much  resembling  corals. 


V. — Notes  on  some  Coastal  Features  in  Co.  Waterfobd. 

I.    Fornagut  Strand. 

By  F.  R.  CowpEK  Reed,  M.A.,  F.G.S. 

fllBTE  occurrence  of  *  submerged  forests  *  on  the  coast  of  co.  Waterford 
X  has  long  been  known,  though  no  mention  of  them  was  made  in 
the  Survey  Memoir  published  in  1865.  The  more  recent  discovery 
of  pre-glacial  beaches  and  raised  wave-cut  rock -platforms  along  the 
south  coast  of  Ireland  between  Baltimore  and  Carnsore  Point'  has 
thrown  still  further  light  on  Post-Tertiary  movements  of  tlie  land- 
margin  ;  and  accordingly  some  new  observations  on  these  phenomena 
in  a  liitherto  unmarked  locality  may  be  of  interest. 

On  the  west  side  of  the  broad  mouth  of  the  River  Suir  there  is  an 
unfrequented   bay   bounded    by   Creadan    Head    on   the    south   and 

*  Ann.  Rep.  Geol.  Coraraission  for  1904,  p.  134. 

2  Min.  Mai:.,  vol.  v  (1884),  p.  34. 

5  Muff  &  Wright:  Geol.  Mag.,  Dec.  IV,  Vol.  X  (1903),  p.   501  ;    Sc.  Proc. 
Roy.  Dublin  Soc.,  x.s.,  vol.  i  (1904),  pp.  250-324  ;    *'  Geology  ol  Couuti^*  ^qwxA 
Cork"  (Mem.  Gfiol.  Surv.  Irdand^  1903,  p,  36  et  seq.). 
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Knockavelish  Head  on  the  north.  The  straight  stretch  of  sand  and 
shingle  across  the  head  of  the  bay  is  known  as  Fomaght  Strand, 
but  on  each  side  the  cliffs  of  the  promontories  descend  abmptlj'  into 
the  sea  without  any  beach  exposed  at  their  base,  except  a  narrow 
strip  at  low  tide  in  a  few  coves  on  the  south  and  a  mass  of  tumbled 
rocks  on  the  north. 

Two  typical  glaciated  yalleys,  of  which  the  southern  one  is  the 
larger  and  longer,  unite  at  the  back  of  the  flat  expanse  of  marshy 
land  which  lies  behind  the  strand  at  a  slightly  higher  level ;  and  they 
arc  separated  by  a  ridge  of  Old  lied  Sandstone,  which  is  the  formation 
composing  the  whole  surrounding  area.  This  median  ridge  is 
particularly  interesting  because  it  ends  abruptly  at  a  distance  of  over 
200  yards  from  the  present  sea-margin  in  a  steep  slope  with  a  vertical 
cliff  at  its  base,  and  in  this  way  descends  suddenly  to  the  level  of  the 
alluvial  flat.  That  this  cliff  has  been  produced  by  marine  erosion  and 
is  in  fact  an  old  sea-margin  is  strongly  supportetl  (1)  by  the  existence 
of  un  old  rock-platform  preserved  beneath  the  drift  deposits  at  the 
north  end  of  the  strand,  and  (2)  by  the  occurrence  of  distinct  traces 
of  the  same  feature  as  a  shelf  cut  in  the  face  of  the  massive  Old  Ked 
conglomerate  cliffs  of  Knockavelish  Head,  which  bounds  the  bay  on 
the  north.  This  shelf  must  be  regarded  as  the  much  reduced 
remnant  of  a  rock-platform ;  its  continuity  has  been  intermpted  by 
subsequent  erosion  and  its  w4dth  narrowed  to  3  to  4  feet.  It  stands 
at  tt  height  of  about  10-15  feet  above  the  shore-platform  which  is  now 
being  formed  by  wave-erosion,  and  at  about  4-5  feet  above  the 
present  high-water  mark.  The  level  of  this  rocky  ledge  corresponds 
roughly  with  the  base  of  the  inland  cliff  above  mentioned,  though  the 
latter  seems  rather  higher  owing  to  the  subsequent  accumulation  of 
superficial  deposits  round  its  foot.  On  the  opposite  side  of  the 
bay  this  rock-cut  terrace  cannot  be  well  traced,  probably  owing 
to  the  nature  of  the  cliffs  of  Creadan  Head,  which  consist  of  nearly 
hoiizontal  soft  sandstone  beds  at  sea-level  with  occasional  intercalated 
thin  bands  of  conglomerate,  so  that  they  have  been  rapidly  undermined 
and  worn  away.  But  inland  up  the  Creadan  valley  traces  of  the  old 
sca-clitf  can  still  be  observed. 

Returning  now  to  the  north  end  of  Fomaght  Strand,  we  find  a  line 
of  cliffs  running  for  about  150  yards  nearly  at  right  angles  to  the 
trend  of  the  Old  Red  southern  flunk  of  Knockavelish  Head.  They 
rise  gradually  from  sea-level  to  a  height  of  about  40  feet  at  their 
northern  end,  where  they  end  abruptly  against  the  headland. 
These  cliffs  are  composed  of  sand,  gravel,  'head,'  and  Boulder-day 
banked  up  against  the  solid  rock  of  the  northern  flank  of  the 
vulle)',  and  they  rest  on  a  platfonn  of  Old  lied  conglomerate  and 
Ordovician  slates  and  flags  which  slopes  up  gently  northwards. 
This  platform  is  well  levelled,  and  forms  the  old  plane  of  marine 
erosion  at  the  base  of  the  inland  sea-cliff,  though  its  extension  inwarda 
to  the  latter  is  covered  by  the  drift  and  other  deposits  of  the  alluvial 
flat.  The  subsequent  erosion  by  the  sea  of  the  northern  side  and  floor 
of  this  partially  filled  valley  has  caused  the  formation  of  this 
interesting  section  in  the  drift  deposits.  The  actual  i  unction  of  the 
latter  with  the  solid  rocky  side  of  the  valley  is  somewhat  obecored  by 
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slipped  material  and  rainwash,  and  overgrown  with  vegetation.  But 
it  is  most  suggestive  of  the  source  of  the  bedded  materials  in  the  cliif 
to  find  that  the  deposits,  though  somewhat  irregular  and  impersistent, 
dip  away  from  the  valley-side  towards  the  south  or  S.S.E.  at  an 
average  angle  of  15°,  and  thin  out  rapidly  in  the  same  direction, 
thus  agreeing  with  the  present  surface  contour  of  the  valley  floor  and 
with  the  top  of  the  cliffs.  The  following  succession  of  beds  can 
be  best  traced  (in  descending  order)  at  a  distance  of  about  30  yards 
from  the  northern  comer  of  the  bay,  but  they  undergo  considerable 
changes  in  character  and  thickness  or  even  disappear  when  followed 
south,  as  noted  below : — 

Feet. 

(1)  Soil,  occaisioDAlly  containin<if  cockle-shcUs  {scattered  irref^ularly  or  in 

patchei},  especially  where  the  cliff  ifl  low  at  itH  southern  end ^-1 

(2)  Yellow  loam  or  clay  with  a  few  subangular  and  rounded  stones,  thinning 

out  northwards  and  becoming  indistinguisliable  from  the  bed  below, 

into  which  it  also  passes  down     3-5 

(3)  Dark  brown  stony  loam  (*  head '),  sandy  and  with  fewer  stones  near  top, 

but  mostly  filled  with  an]?ular  fragments  rather  closely  packed,  from  the 
size  of  a  pea  to  3  inches  in  length ;  interstices  nlled  with  loam ; 
distinctly  bedded,  but  varying  in  coarseness.  Thickens  northwards. 
Rests  on  irregular  (?  eroded)  surface  of  bed  below.  Continuous  for 
whole  length  of  cliffs        ...         ...         ...         ...         ...         ...         ...       3—4 

(4)  Brownish  Boulder-clay,  unbedded,  containing  a  few  lar^e  stones  or 

botilders.  Thins  out  rapidly  northwards,  but  increases  ratncr  suddenly 
in  thickness  southwards  and  then  forms  base  and  lower  half  of  greater 
part  of  cliffs  1-20 

(6)  Loamy  clay  containing  few  boulders  at  top,  where  it  passes  imperceptibly 
up  into  Xo.  4,  but  in  its  lower  part  tlie  stones  (which  are  mostly 
subaugular  and  of  all  sizes  up  to  8  inches  in  length)  become  more 
numerous,  and  are  quite  irregularly  dintributed  irrespective  of  size, 
though  sometimes  obscurely  arranged  in  parallel  lines.  At  the  base 
of  the  bed  they  are  cemented  together  in  places  by  iron  oxide 
('ferricrete').  The  whole  bed  is  thickest  where  No.  4  is  thinnest, 
and  rapidly  wedges  out  and  disappears  to  the  south  below  the  typical 
Boulder-clay.  A  large  lenticular  mass  of  white  sand  is  a  conspicuous 
feature  in  one  place  0-15 

(6)  Wedge-shaped  bed  of  small,   loosely  packed,  flat  fragments  of  slate 

averaging  \  inch  to  1  foot  in  size  with  rounded  edges  and  arranged  in 
definite  layers  ;  interstices  filled  with  a  little  loam.  Bed  thins  out 
rather  rapidly  to  south  and  becomes  inseparable  from  the  base  of  No.  4, 
which  there  rests  directly  upon  it.  At  its  base  there  are  a  lew  large 
irregular  blocks  of  Old  Red  Sandstone  conglomerate,  one  mea'^uring 
3  feet  by  1  feet      0-3 

(7)  White  sandy  loam  pa-sing  down  into  fine,  yellow,  argillaceous  sand 

without  any  pebbles  or  boulders.    Sharply  marked  off  from  Nos.  6  and  8       3-4 

(8)  Coarse,  sandy,  and  argillaceous  gravel,  composed  of  pebbles  from  Old 

Rod  Sandstone  conglomerate        4 

The  greater  part  of  the  cliffs,  however,  docs  not  exhibit  such  a  full 
and  varied  sequence  of  deposits,  and  in  fact  only  consiKts  of  beds  4,  3, 
2,  and  I,  the  southerly  dip  having  carried  the  others  (where  they 
have  not  already  thinned  out)  below  the  present  beach-level. 

Comparing  the  full  succession  of  beds  with  that  described  by  Messrs. 
Wright  &  Muff  as  resting  on  the  Cork  pre-glacial  terrace,  we  may 
fairly  recognise  in  beds  8  and  7  the  equivalent  of  their  *  laisei  \yeac\i 
gravel  and  sand '  and  perhaps  of  the  *  blown  sand  *  of  many  ol  Vhfevt 


20  W,  D.  Lang — Evolution  of  Siomatopora. 

sections.  Bed  No.  6  may  possibly  correspond  with  their  'Lower 
Head,'  though  this  bed  and  No.  5  are  rather  different  in  their 
development  and  show  more  sortin;^  of  the  materials  by  water,  sug- 
gesting a  rearrangement  of  the  *  head '  or  a  modified  rainwash,  perhaps 
in  early  glacial  times,  so  that  they  ought  to  bo  reckoned  rather  as 
stratified  early  glacial  gravels.  The  thickening,  however,  of  these  beds 
towards  the  valley-side  and  the  development  of  *  ferricrete '  at  their 
base,  together  with  the  inclusion  of  large  tumbled  masses  from  the  old 
clifp  at  the  base  of  which  they  accumulated,  are  points  in  common  with 
the  deposit  termed  *  Lower  Head  *  on  the  Cork  coast.  The  Boulder-clay, 
No.  4  of  our  section,  followed  by  the  *  Head,'  No.  3,  agree  precisely 
in  their  relations,  and  to  a  large  extent  in  their  general  characters,  with 
those  of  Cork.  It  should  be  remembered,  moreover,  that  there  is 
considerable  variation  even  along  the  latter  coastline  in  the  character, 
development,  and  sequence  of  deposits  as  described  by  the  above- 
mentioned  authors,  and  that  a  precise  con*espondence  of  the  beds  on 
Fomaght  Strand  can  scarcely  be  expected.  The  important  features 
insisted  on  by  Messrs.  Wright  &  Muff  are  the  buried  rock-cliff  and 
the  wave-cut  rock-platform ;  and  in  the  characters  of  these  and  the 
height  above  the  present  plane  of  wave-erosion  and  of  high-water 
mark  the  correspondence  is  so  close  that  we  cannot  doubt  that  we  are 
dealing  with  the  same  features  and  phenomena. 

A  late  downward  movement*  of  the  coastline  is  indicated  by  the 
*  submerged  forest '  of  Fornaght  Strand,  which  does  not  appear  to 
have  been  previously  noticed,  though  Hardman*  in  1873  referred  to 
the  one  near  Tramore  as  a  **  partially  submerged  or  silt-covered  bog," 
and  Kinahan  *  mentioned  various  submerged  bogs  (including  the  latter 
one)  on  the  south-east  coast  of  Ireland. 

The  shore  of  Fornaght  Strand  shelves  very  gently  down  to  the  sea, 
and  about  30  to  40  feet  from  high-water  mark  (horizontal  distance) 
the  edge  of  the  sheet  of  peaty  soil  appears  in  which  the  tree-stumps 
are  rooted.  It  forms  a  wide  flat,  sloping  down  slightly  and  extending 
to  an  unknown  distance  seawards  below  low-water  mark,  even  at 
spring -tides.  It  is  often  covered  up  with  sand  and  not  visible  near 
the  beach  at  ordinary  low  tides.  The  tree-trunks  measure  I  to  1 J  feet 
in  diameter  at  the  level  at  which  they  are  broken  off,  which  is,  as 
usual,  fairly  uniform  and  close  to  their  base.  About  thirty  rooted 
stools  were  counted  by  me  on  my  last  visit  there  this  Summer. 


VT. — The  Evolution  op  Stomatopoha  dichotomoides  (d'Orbignt). 
By  W.  D.  Lang,  M.A.,  F.Z.S.,  F.G.S.,  of  the  British  Museum  (Natural  History). 

ALECTO  DICHOTOMOIDES  was  the  name  given  by  d'Orbigny* 
"^     in  1849  to  a  specimen  figured  by  Michelin*  in  1841   from  the 

'  Geikie:  Prea.  Add.  Geol.  Soc,  1904,  p.  xovi. 

'^  Ilardman :  Journ.  Hoy.  Geol.  Soc.  Ireland,  n.s.,  vol.  iv  (1877),  p.  31  (read 
December,  1873).     See  also  Geol.  Mac,  1874,  pp.  210-215. 

3  Kinahan  :  "  Geology  of  Ireland,"  1877.  p.  265. 

*  A.  dM)rbiguy:  PnKlrome  de  ral6ontologie  strntigraphique  universelle,  1849, 
vol.  i,  p.  288  ;  and  Paleontolojpo  Franvaise,  Terrains  CrOtac^,  vol.  v  (1854), 
pp.  834.  835. 

^  II.  Michelin  :  Iconographie  Zoophytologique,  1840,  pi.  ii,  fig.  10. 
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Bajocian  of  Bajenx,  or  of  Moutiers,  Calvados,  Normandy,  and  identified 
by  Michelin  as  A,  diehotoma,  Lamouroux. 

Haime^  recognised  d'Orbigny's  name,  and  under  it  figured  a  specimen 
from  the  Aalenian  of  Postlip,  north-east  of  Cheltenham,  Gloucestershire! 
in  the  Walford  Collection,  now  in  the  Sedgwick  Museum,  Cambridge. 
Haime's  type,  however,  differs  slightly  from  Michelin's  figure,  having 
larger  and  less  pyriform  zooecia.  But  the  chief  point  to  be  noticed  is 
the  extreme  simplicity  of  characters  in  both. 

In  a  paper*  on  the  Liassic  forms  of  Stomatopora  three  lines  of 
descent  were  traced  upwards  as  far  as  the  capricomus  zone  of  the 
Lias.  Two  of  these  stocks  were  already  differentiated  to  such  an 
extent  that  it  cannot  be  supposed  that  S.  dichotomoides  (d'Orbigny)  is 
descended  from  them  ;  for  the  simplicity  of  this  species  shows  no  signs 
of  being  secondary.  It  is  probable,  therefore,  that  this  Aalenian  form 
is  the  direct  descendant  of  the  third  series,  of  which  the  last  term  was 
S.  Chregoryi,  mutation  eapricomensts,  Lang,  from  which  S.  dichoto- 
moides (d'Orbigny)  differs  only  in  the  greater  pyriformation  of  the 
zooecia. 

Form  3  —  the  Bajocian  form  —  is  the  type  of  iS.  dichotomoides 
(d'Orbigny),  so  that  Form  2  would  be  called  8,  dichotomoides 
(d*Orbigny),  mutation  Murchisonensis,  according  to  the  nomenclature 
advocated  in  the  former  paper,  because  it  occurs  in  the  zone  of 
Ludwigia  Murchisonee.    Otherwise  the  specific  names  remain  unaltered. 

It  is  to  be  doubted  whether  Vine's  form  S.  intermixta  differs  at  all 
from  the  type  of  S.  dichotomoides.  His  type  of  this  species  and  of 
S.  Phillipsi  cannot  bo  found,  though  his  collection  is  in  the  British 
M^nseura.  But  his  figures  of  S.  intermixta^  and  of  S.  Phillipsi^ 
remain,  and  cannot  be  ignored.  The  diagram  of  S.  Smithi  is  taken 
from  the  figure  in  the  British  Museum  Catalogue.*  The  type  is  in 
the  York  Museum. 

The  only  form  of  which  sufficient  material  is  available  for  tracing 
the  changes  in  characters  during  the  life-history  is  in  the  mutation 
Murchisonensis^  of  which  Haime's  type  of  S.  dichotomoides  is  a  good 
example.     The  following  description  defines  this  form  :  — 

Zoarium  loose  and  spreading,  branching  only  after  Type  I.*  The 
angle  at  the  first  dichotomy  is  180°,  after  which  it  diminishes  regularly 
to  about  45°  at  the  sixth  dichotomy.  The  number  of  peristomes 
between  each  dichotomy  is  generally  one,  sometimes  two.  There 
seems  to  be  no  regular  sequence  in  the  variation  of  this  character. 
The  length  of  the  zooecia  at  the  first  dicliotomy  is  about  2J-3J, 
increasing  to  3i  at  the  third  dichotomy  and  gradually  decreasing  again 

*  J.  Haime,  ••Description  des  Bryozoaires  fossiles  de  la  formation  Juraasique '* : 
Mem.  Soc.  geol.  France,  &er.  ii,  vol.  v  (1854),  pp.  163,  164,  pi.  vi,  tig.  2. 

*  W.  D.  Lang  :  Geol.  Mag.,  1905,  p.  258. 

*  G.  R.  Vine,  **  Polyzoa  from  the  Conibrash  of  Thrapston  "  :  Proc.  Yorks  Geol.  k 
Polytech.  Soc,  vol.  xii  (1893),  p.  252,  pi.  xii,  fig.  4. 

*  G.  K.  Vine:  loc.  cit.,  p.  250,  pi.  xii,  fig.  1. 

*  J.  W.  Gregory :  Brit.  Mas.  Cat.  Jur.  Bry.,  1896,  p.  56,  fig.  8,  which  is  a  repro- 
duction of  Gregory's  figure  in  "  The  Jurassic  Br)'ozoa  of  the  York  Museum  "  (Kep. 
Yorks  Phil.  Soc.,  1893,  p.  68,  fig.  1). 

*  For  the  terminology  employed  see  Lang,  '  •  Jurassic  forms  oi  lYvo  ^  ^encw^' 
Stomatopora  and  Froboseina  '* ;  Iteol.  Mac^  1904,  p.  319. 
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The  following  diagram  shows  these  forms  and  three  others  which 
complete  the  series  in  the  Bathonian;  and  from  it  can  he  seen 
the  changes  accompanying  the  shape  and  length  of  the  zocecia 
in  passing  from  the  lower  to  the  higher  horizons : — 


6.     Cellaria  Smifhi,  Phillips:  Combrash,  Scar- 
borough, Yorkshire. 


5.     Stomatopora  Phillipti^  Vine :    Combrash, 
Thrapston,  Northamptonshire. 


4.     Stomatopora  intermixta.  Vine:    Combrash, 
Thrapston,  Northamptonshire. 


3.    Alrcto    (ftehotoma,    Michelin  :      Bajocian, 
Calrados,  Normandy.     =  Alecto  diehoto- 


2. 


1. 


Stomatopwa  dtchotomoidfs^  TIaimo  :  Aalenian, 
Pea  (irit,  Pofttli)?.    =s  Stomtitopont  dirhxlo- 
#now<e«(d'Orbijpiy),  mutation  Murehison- 
t'utif. 


Stomatopora  Grtyoriii^  mutation  enprimrn- 
rnsift,  I^njr  :  Lias,  capricomus  zone, 
C'herrinjijton,  Warwickshire. 


Evoi.vTiox  OF  SioMAToroBA  DiCHOToMoiDES  (cVOrbigny). 
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distally.  The  shape  of  the  zooecia  is  slightly  pyriform  at  first 
becoming  more  so  distally.  Haime's  figure  makes  them  appeal 
a  little  too  pyriform.  The  zocecia  are  very  slightly  ribbed  throughout 
The  actual  measurements  of  two  specimens  of  this  form  are  givei 
in  the  following  table  with  those  of  the  fragmentary  zooecia  whicl 
re'pzesent   the  other  forms.      It  will  be  seen  that  as  far  as  can  b< 
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detennincd  the  only  changes  throughout  the  series  are  in  the  shape 
of  the  zocBcia,  wluch  pass  from  slightly  pyriform  to  hippothoiform, 
accompanied  hv  a  change  in  length  from  more  than  2^  to  less  than  2^. 
It  is  prohable  that  the  more  primitive  forms  of  this  series  persisted 
into  and  through  Bathonian  times,  and  were  the  ancestors  of  at  l^st 
the  primitive  forms  of  the  Middle  Oolites.  So  that  the  direct  line  of 
descent  would  not  pass  through  S,  Smithi  (Phillips),  but  rather  this 
specialised  form  is  tlie  end  of  a  side  branch  which  includes  8.  Phillipsi 
(Vine)  and  8,  intermixta  (Vine).  The  line  of  forms  represented  in 
the  diagram  should  in  this  case  bend  aside  in  the  middle.  But 
Bathonian  forms  as  primitive  as  8,  diehotomoides  (d'Orbigny)  have  yet 
to  be  discovered. 


VII. — Some  Clay  Beds  by  the  Ouse. 
By  Beeby  Thompson,  F.G.S.,  F.C.S. 

IN  the  maps  of  the  Geological  Survey,  Quarter-sheet  No.  52, 
S.W.  (Bedford),  published  in  1863,  Upper  Lias  Clay  is  shown  as 
bordering  the  Ouse  Valley  between  Stoke  Goldington  and  Olney, 
directly  overlaid  by  the  Great  Oolite,  that  is  to  say,  the  maps  indicate 
an  entire  absence  of  the  Inferior  Oolite  (Northampton  Sand). 

The  only  exposure  of  the  cluy  I  hjive  seen  is  at  Stoke  Goldington 
brickyai'd,  and  until  a  few  weeks  back  the  only  fossils  I  could  find 
there  were  a  few  belemnites,  but  from  these  beleranites  and  the 
general  appearance  of  the  clay  I  felt  quite  satisfied  as  to  its  being 
Upper  Lias. 

In  Mr.  II.  B.  Woodward's  "Jurassic  Rocks  of  Britain,*'  vol.  iii, 
p.  277,  occurs  the  following  passage  :  **  Inlying  exposures  of  Upper 
Lias  have  been  mapped  at  Stoke  Goldington  and  Weston  Underwowl, 
between  Olney  and  Newport  Pagnell.  I  have  examined  the 
exposures  in  company  with  Mr.  A.  C.  G.  Cameron,  and  we  found  no 
evidence  of  Upper  Lias.  The  clays  exhibit  green  and  purple  tints, 
like  the  Upper  Estuarine  Beds,  with  which  1  tliink  they  should  be 
grouped.  The  occurrence  of  *  Nail-head  spar  '  in  the  clay  at  Stoke 
Goldington  brickyard  might  be  taken  as  suggestive  of  Upper  Lias ;  but 
bands  of  fibrous  carbonate  of  lime,  or  *  beef,'  arc  not  uncommon  in  the 
Upper  Estuarine  Beds,  and  the  *  cone-in-cone  *  structure  of  the  nail- 
head  spar  seems  to  be  intimately  connected  with  the  *  beef.'  It  is, 
however,  not  unlikely  that  in  this  neighbourhood,  as  further  westward, 
the  Estuarine  clays  may,  in  places,  rest  directly  on  Upper  Lias  Clay, 
for  the  Northampton  Sands  become  much  attenuated,  and  may  not 
always  be  present."  A  similar  description  of  the  same  beds  occurs 
at  pp.  393-4  of  Mr.  H.  B.  Woodward's  **  Jurassic  Eocks  of  Britain," 
vol.  iv. 

Knowing  what  a  very  careful  stratigraphical  geologist  my  friend 
Mr.  H.  B.  Woodward  is,  I  felt  inclined  to  drop  my  own  opinion, 
which  I  could  not  satisfactorily  confirm,  and  accept  his,  for  which 
better  evidence  seemed  to  be  otfered,  but  being  in  the  neighbourhood 
in  August  last  with  Master  Gerard  Thornton,  an  enthusiastic  young 
geologist  with  a  keen  eye,  I  thought  it  would  be  a  good  opportunity 
to  make  a  gallant  attempt  to  solve  the  problem  of  the  clay  beds  at 
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Stoke  Ooldington.  The  attack  was  a  short  one,  and  the  victory 
complete  for  the  Upper  Lias  theory.  Below  is  the  section  then 
made : — 

Sbction  at  Stoks  Ooldington  Bbicktard  (August,  1906). 

ft.  in.. 

1.  Soil  ...        ...        ...        ...        ...        ...        ...        ...  2  feet  to      3    0 

2.  RiTXB  6&AVBL.    A  grayel  almost  exactly  like  that  to  be  found  at  several 

other  places  between  here  and  Olney,  containing  chalk,  flint,  Bunter 

pebbles,  Great  OoUte  limestone,  etc 4     0 

In  one  part  of  the  section  only  there  is  a  kind  of  junction  clay 
containing  fragments  of  OUrea,  and  therefore  probably  Oolitic  in 
origin,  though  not  necessarily  so.  Thickness  not  more  than  about 
6  inches. 

3.  XTpper  Lias  Clat.    Oood  typical  material,  not  variegated,  not  bleached, 

not  disturbed.  Containing  some  iron  pyrites  in  thin  slabs,  also  lar^r 
pieces  up  to  2  or  3  lbs.  in  weight.  The  iron  pyrites  is  not  obtrusive 
in  the  clay,  either  as  lumps  or  by  discoloration  8     0 

Fossils  foun    : — 

Ichthyosaurus  (vertebra). 
Ammonites  fihulatus  (singly  and  in  bunches). 
Ammonites  of  the  subplanatus  group?  (fragments). 
Belemnites  and  phragmocones  (fragmentary). 
Cerithium  costellatum,  Munst.  (part  only,  but  that  good). 

The  clay  has  been  proved  to  be  the  same  for  a  further  depth  of 
10  feet  by  means  of  a  well  (or  sump),  so  that  a  uniform  clay 
extends  for  a  depth  of  at  least  18  feet  below  the  river  gravel.  The 
fossils  recorded  above  came  from  below  the  8  feet  now  exposed,  say 
from  a  depth  of  10  feet  at  least;  and  considered  in  conjunction  with 
the    rareness   of   all    fossils,    they   indicate   the    upper    part    of    the 

*  Unfossiliferous '    beds    a    little    below    the     ^  Cerithium^    beds    or 

*  Lower  Leda-ovuni*  beds  of  Northamptonshire,^  Cerifhium  cosfel/atwn 
being  one  of  the  forms  nearly  always  found  associated  with  the 
abundant  Cerithium  armatum.  Mr.  Woodward's  record  of  '  Nail-head 
spar*  fits  in  admirably  with  the  horizon  suggested. 

In  my  own  cabinets  tlie  fossils  from  the  unfossiliferous  beds  (of 
Judd)  are  labelled  *'Fibulatus"  zone,  not  that  Ammonites  Jibulntus 
is  confined  to  the  zone  ;  indeed,  tlic  best  specimens  I  have  come  from 
the  Leda-ovum  beds  of  the  south-western  parts  of  Nortliamptonshire,* 
but  because  for  some  70  feet  of  Upper  Lias,  at  least  in  Northampton- 
shire, it  is  the  only  ammonite  that  one  is  ])retty  ccrtiun  to  find  traces 
of,  and  if  it  is  found  where  all  other  fossils  are  very  rare  the  zone 
is  identified,  but  near  the  bottom  and  near  the  top  of  the  zone  other 
fossils  are  not  quite  so  rare. 

Some  interesting  problems  are  suggested  by  the  occurrence  of 
such  comparatively  low  beds  of  the  Upper  Lias  on  the  border  of  the 
Ouse  Valley,  such  as — Are  the  upper  beds  of  the  Upper  Lias  missing? 
Does  the  Great  Oolite  rest  directly  on  the  Upper  Lias  ?  Is  the 
Northampton  Sand  entirely  absent,  and  if  absent,  why  ?  etc.  "We 
will  consider  the  evidence  available  on  these  points. 

>  Beebv  Thompson,  **  The  Upper  Lias  of  Northamptonshire,"  pt.  vi:  Joum* 
Northants  Nat.  Hist.  Soc,  vol.  v  (1888),  p.  .54. 

*  Ammonite  Jibulaim  appears  to  contmue  into  successively  higher  \)eAB  ol  \Jsifc 
Upper  Lias  as  we  go  in  a  south- westerly  direction. 
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The  top  of  the  Lias  Clay  at  Stoke  Gbldington  is  at  about  188  feet 
above  O.D./  and  this  is  certainly  very  near  to  the  level  of  the  top 
of  the  Lias  Clay  at  two  other  sections  to  the  eastward,  within  a  mile 
or  so,  where  river  gravel  is  worked  to  a  depth  of  191  feet  O.D., 
showing  that  in  this  particular  area  the  top  surface  of  the  clay  u 
•determined  by  (comparatively)  recent  diluvial  action,  and  that  higher 
beds  may  be  reasonably  expected  to  occur  near  at  hand  where  diluvial 
action  has  not  been  operative. 

In  the  absence  of  exposures  of  rock  at  a  higher  level  at  Stoke 
Goldington  the  problem  was  treated  in  this  way: — Going  to  the 
N.N.  W.,  we  find  the  base  of  the  Great  Oolite  limestone  at  Piddington 
to  be  at  about  300  feet  O.D,  At  a  point  on  the  road  between  Horton 
and  Stoke  Goldington,  about  2H-  miles  from  Piddington  in  a  straight 
line,  the  probable  base  of  the  Great  Oolite  limestone  is  260  feet  O.D. 
A  fall  of  40  feet  in  the  distance  named  means  an  average  dip  of 
14  feet  per  mile  along  the  line  indicated ;  consequently  at  Stoke 
Goldington,  4-xV  miles  from  Piddington,  there  should  be  a  drop  of 
^5  feet,  making  the  natural  base  of  the  Great  Oolite  limestone  tliere 
245  feet  O.D. 

Again,  at  Havenstone  the  base  of  the  Great  Oolite  limestone 
ap])oars  to  be  about  250  feet  O.D.  (an  investigation  of  several  wells 
indicated  this  figure),  and  as  the  middle  part  of  this  village,  where 
the  Great  Oolite  source  of  water  gives  place  to  a  gravel  source,  is  S\^ 
miles  from  Piddington  in  a  direct  line,  this  also  gives  a  dip  of  close  to 
14  feet  per  mile.  Furthermore,  at  a  point  about  J  mile  south  of 
Ravenstone,  towards  Havenstone  Mill,  Great  Oolite  limestone  may  be 
seen  in  an  old  quarry  as  low  as  about  240  feet  O.D.,  which  comes  to 
nearly  the  same  figure,  viz.,  14  feet  per  mile  dip  in  a  southerly 
direction.  This  last  section  is  about  one  mile  from  Stoke  Goldington 
brickyard,  and  as  they  are  N.E.  and  S.W.  of  each  other  respectively, 
and  the  dip  is  distinctly  greater  south-eastward  than  southward,  it 
appears  highly  probable  that  the  former  estimate  for  the  natural 
position  of  the  base  of  the  Great  Oolite  limestone  at  Stoke  Goldington 
is  about  correct,  viz.  245  feet  O.D.  This  naturally  leaves  245—188 
=:  57  feet  to  be  filled  up ;  the  only  question  is  what  with  ? 

As  there  is  no  recognisable  Northampton  Sand,  either  ironstone  or 
Lower  Estuarine  sands,  in  the  area  under  review,  the  disposition  of 
the  57  feet  is  loft  with  the  Upper  Estuarine  beds  and  the  upper  beds 
of  the  Upi'Cr  Lias. 

Near  to  Olney,  half  a  mile  north  of  the  railway  station,  and  a  little 
over  4  miles  north-east  of  Stoke  (Joldington,  a  well  was  sunk  through 

27  feet  of  Upper  Estuarine  beds,*  and  as  this  is  a  very  good  thickness 
for  the  beds  in  question,  and  yet  not  greatly  different  from  the 
thickness  of  the  same  beds  at  lloade  cutting  (24  feet  10  inches), 
a  little  over  6  miles  to  the  north-west  of  Stoke,  we  may  fairly  well 
accept  it  as  the  local  thickness,  and  if  we  do  it  leaves  30  feet  to  be 
made  up  with  Upper  Lias  at  Stoke  Goldington. 

^  All  levels  were  taken  with  a  Watkin  aneroid  barometer  on  a  moderately  satisfactory 
•day  ior  such  work,  but  ot  course  reouire  revision  for  strict  accuracy. 
'^  11.  B.  Woodward :  "  Jurassic  Kocks  of  Britain,"  vol.  iv,  p.  394. 
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Next  let  us  consider  the  beds  near  to  Olney.  The  greater  part  of 
the  town  of  Olney  is  supplied  with  water  by  shallow  wells  in  the  Ouse 
Valley  gravel,  but  in  the  southern  part  of  the  town,  between  the 
Market  Place  and  the  riyer,  and  south-westward,  on  the  road  to 
Weston  Underwood,  the  wells  are  from  60  to  80  feet  deep  in  Lias 
Clay.  It  has  been  assumed  that  the  difference  in  depth  is  due  to  an 
unconformity  between  the  Upper  Lias  and  the  Upper  Estuarine  beds.* 
Personally  I  can  see  no  reason  whatever  for  this  assumption,  for  no 
surface  irregularity  in  the  upper  beds,  not  relied  upon  for  water, 
could  possibly  alter  the  level  above  ordnance  datum  at  which  water  is 
found.  Wells  are  not  all  started  at  the  same  level,  and  if  they  were 
some  might  have  a  deeper  sump  than  others.  However,  here  is  some 
evidence  bearing  upon  this  question  of  unconformity  and  other  points. 

At  the  extreme  south-eastern  end  of  Olney,  and  on  the  south  side 
of  the  road,  there  used  to  be  a  brickyard  (the  excavation  can  still 
be  seen).  Mr.  Cameron  reports '  that  the  beds  worked  were  yellow  and 
blue  clay,  and  that  there  was  a  sand  bed  one  foot  thick  at  the  depth 
of  8  feet  from  the  surface.  It  is  suggested  that  this  sand  bed  may 
perhaps  be  a  representative  of  the  Northampton  Beds  (see  remarks 
later). 

Not  many  yards  eastward  of  this  disused  brickyard  a  well  has  been 
made  for  the  supply  of  some  cottages,  and  the  report  given  to  me 
of  this  well  was  that  it  was  80  feet  deep,  all  in  blue  clay,  and  that 
they  got  water  fi-om  a  black  rock  2  feet  thick,  below  which  blue  clay 
was  again  met  with  ;  the  water  rose  50  feet  from  the  rock. 

A  little  westward  of  the  old  brickyard,  just  about  where  the  hill 
begins  to  rise  sharply,  a  small  excavation  made  in  levelling  for 
a  hayrick  exposes  about  3  feet  of  a  light- coloured  oyster  marl. 
Seven  feet  below  the  top  of  this,  water  flows  from  the  bank. 

The  levels  hereabouts  are  as  follows : — 

Above  O.D. 

Water-level  in  the  river  163  feet. 

Level  of  spring  from  marl  (base  of  Upper  Estuarine  beds  ?)  ...         182    ,, 

Well-top  at  housefl         187    ,, 

Top  of  clay  at  old  briickv'ard      certainly  near  to        182    ,, 

Further  along  the  very  steep  cliff  bordering  the  Ouse  Valley 
between  Olney  and  "Weston  Underwood,  limestone  or  marl  was 
found  at  various  jiluces  between  the  levels  of  211  feet  O.D.  and 
229  feet  O.D.  So  far  as  it  goes  this  is  satisfactory,  for  without 
correction  it  would  mean  lJi>per  Kstuarine  beds  not  more  than 
211  —  182  =  29  feet  thick  and  (jreat  Oolite  limestone  not  less  than 
18  feet.  The  highest  exposure  of  limestone  coincided  with  the  fence, 
but  the  roadway  is  six  feet  higher,  and  obviously  at  least  this  amount 
must  be  added  to  the  limestone,  making  it  24  feet,  so  that  not  much 
iiee<l  be  added  to  it  below. 

If  we  consider  that  the  base  of  the  Upper  Estuarine  beds  at  Stoke 
Goldington  is  correctly  indicated  by  the  level  245  —  27  =  218  feet  O.D. , 
and  at  Olney  by  182  feet  O.D.,  then  tliere  is  a  dip  from  the  former 
locality  to  the  latter  of  36  feet,  or  9i  feet  per  mile,  and  this  same  dip 

1  Ibid. 

*  Ibid.,  p.  394, 
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would  tiike  the  horizon  of  the  Lias  beds  exposed  at  Stoke  Ooldington 
to  a  level  of  188  —  36=  152  feet  O.D..  which  is  11  feet  below  river 
level,  80  obviously  any  sections  of  Upper  Lias  exposed  between  Stoke 
Goldington  and  Olney  would  consist  of  higher  and  higher  beds  as  one 
approached  the  latter  place,  and  this  may  easily  in  part  account  for 
Mr.  Woodward's  description  of  the  clay  beds  in  this  area  not  agreeing 
witli  my  own,  though  of  course  he  also  saw  some  Upper  Estuarine 
exposures. 

I  quite  believe  that  the  uppermost  clay  beds  towards  Olney,  here 
described  as  Upper  Lias,  may  well  represent,  in  time,  the  Northampton 
Sand,  as  I  have  previously  suggested  that  the  highly  pyritous  clays  do 
at  Grafton  Kegis,  some  few  miles  to  the  west.* 

No  unconformity  between  the  Lias  and  Oolites  in  the  area  under 
consideration  has  been  actually  detected,  and  with  the  above 
explanations  one  is  not  needed;  moreover,  it  would  be  somewhat 
difficult  to  account  for  if  it  occurred  in  an  area  which  was  sinking 
throughout  the  later  Liassic  and  the  whole  of  the  ivmainder  of  the 
Jurassic  period ;  as  is  e^-idenced  by  the  formations  which  are  absent  as 
well  as  those  preseut  in  districts  further  to  the  south  and  south-east, 
indicated  by  the  deep  borings,  etc. 


VIII. — On   some  FossiLiFERous   KEDPEft  KocKs  AT   Bbohsgrove 

(Wokcestershirk). 

By  L.  J.  Wills,  B.A.,  King's  College,  Cambridge. 

rpHE  counties  of  "Warwick  and  Worcester  have  yielded  the  majority 
X  of  Keuper  fossils  reconled  from  England.  The  history  of  their 
discover}'  commenced  about  seventy  years  ago  with  a  paper  by 
Murcliison  and  Strickland.*  where  there  is  a  description  of  the  area. 
They  distinguished  two  divisions,  the  lower  of  which  they  identified 
as  JUinter,  chiefly  on  the  evidence  of  a  plant,  Echinostachys  ohlongus^ 
Brongn.  This  division  was  found  to  be,  for  the  most  purt,  composed 
of  sandstones,  and  contained  in  Worcestershire  plant  remains  and  in 
"Warwickshire  bones  and  toeth.  The  localities  where  fossils  were  found 
were  Ombersley,  Hadlej^  Elmley  Lovett,  all  on  the  west  side  of  tlie 
Droitwich  basin,  Bromsgrove  on  the  east  of  it,  and  in  the  Warwick 
district. 

Their  upper  division  was  composed  of  marls  with  intercalated 
sandstones  in  some  places.  This  they  referred  to  the  Keuper.  They 
held  that  the  sandstones  of  Burge  Hill,  Pendock,  Inkberrow,  and 
Shrewley,  although  very  scattered,  represented  a  definite  horizon  in 
the  marls.     Thev  recorded  fossils  from  these  localities. 

Professor  Hull,^  in  1869,  corrected  the  nomenclature  and  recognised 
an  unconformity  between  the  true  Bunter  and  Keuper  in  England  in 
the  place  of  the  Musehelkalk.  His  divisions  of  the  Lower  Keuper 
(Murchison  and  Strickland's  Bunter)  are  : — 

^  *♦  Jiiuction  Beds  of  the  Upper  lias  and  Inferior  Oolite  in  Northamptonshire  ": 
Joum.  Northantu  Nat.  Hist.  Soc,  vol.  xii  (No.  94,  June,  1903),  pp.  68-69. 

-  Murchi.*»on  &  Strickland:  Trans.  Geol.  Soc,  per.  ii,  vol.  v  (1837),  p.  331. 

3  E.  Hull,  **  Permian  and  Triassic  Hocks  of  the  Midlands "  :  Mem.  Geol.  Surr., 
1869. 
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1.  Waterstones :  micaceous  laminated  sandstones  and  beds  of  marl. 

2.  Building-stone :  thick  non-micaceous  sandstones. 

3.  Basement  beds :  sandstones,  conglomerates,  and  calcareous  sand- 

stones. 

Although  Hull  dealt  with  the  whole  of  the  Midland  counties,  he 
noticed  no  plants  from  the  Lower  Keuper  except  those  from  Worcester- 
shire, which  had  been  described  by  Murchison  and  Strickland,  and 
none  of  the  newer  Survey  Memoirs  has  supplied  any  further  records. 
His  memoir  contains  a  valuable  liet  of  fossils,  to  which  only  a  few 
have  since  been  added. 

With  the  exception  of  Owen's*  and  of  Miall's'  descriptions  of  the 
Labyrinthodont  remains  in  the  Warwick  Museum,  and  of  Huxley's 
note  on  Hyperodapedon '  and  a  few  other  descriptive  papers,  including 
those  in  the  recent  British  Association  lieports/  nothing  has  since 
been  written  about  the  Lower  Keuper  of  these  counties. 

I  purpose,  at  present,  to  deal  more  especially  with  the  Lower 
Keuper  of  Bromsgrove.  But  since  the  beds  here  are  rich  in  plant 
remains,  it  may  be  of  interest  to  note  those  plants  that  have  been 
recorded  from  the  Upper  Keuper.  In  1855  W.  S.  Symonds  *  described 
the  Pendock  Beds,  and  mentions  plants  which  were  identified  as 
belonging  to  either  Calamites  arenaceus  or  Equisetiies  columnaris,  but 
which  were  more  probably  Equisetiies  arenaceus.  In  the  following 
year  J.  Plant'  noticed  Equisetum  from  Leicester,  while  vegetable 
remains,  including  **  Voltzia  in  fructification,"  Calamites^  and  CarpolitheSy 
were  recorded  by  P.  B.  Brodio  from  Shrewley  and  Rowington,'  to 
which  J.  Phillips  added  Walchia  hypnoides.^  Their  specimtins,  in  so 
far  as  they  still  exist,  are  in  too  poor  a  state  of  preservation  to  allow 
of  re-identification.  I  have  added  one  now  localitv,  south-east  of 
Green  Lane  Farm,  Callow  Hill,  in  Worcestershire,  where  indeterminable 
plant  remains  liuve  been  found  associated  with  Esther ia.  The  above 
records  point  to  the  scarcity  of  the  flora  and  illustrate  the  doubtful 
nature  of  manv  of  these  identifications. 

The  beds  at  Bromsgi'ove  in  which  I  have  found  fossils  arc  the 
Waterstones  and  upper  part  of  the  Building  Stone  of  Hull's  classi- 
fication, which  are  extensively  (juarried  on  the  hill  about  a  mile  to 
the  south-west  of  Bromsgrove,  known  as  Hock  Hill  and  Hill  Top. 
The  four  cpiarries  belong  alternately  fiom  south  to  north  to 
Mr.  Willcox  and  Mr.  Griffin,  to  both  of  whom  I  am  much  indebted 
for  assistance.  The  beds  show  alternations  of  sandstone  and  shales,  and 
a  band  of  marl  conglomerate,  the  whole  dipping  at  a  low  angle  to  the 
south.  The  shales  thicken  and  thin  out  in  a  most  extraordinary  waj", 
which  makes  any  measurements  and  comparisons  of  the  beds  in  the 

'  II.  Owen  :  Trans.  Gool.  Sex*.,  ser.  ii,  vol.  vi  (1812),  p.  5013 ;  and  Palajontology, 
2ndtKl.  (Etiinbur^^h,  18G1),  p.  278. 
=  L.  C.  Miall:  Q.J.G.S.,  vol.  xxx  (187 J),  p.  417. 
^  T.  n.  Iluxlev:  Q.J.G.S.,  vol.  xxv  (18G0!,  p.  138. 

*  Reports  of  Trias  Coinraittt>e  of  British  AHHocijiti«)n,  1903,  1901,  1005,  190G. 
•''  \y.  S.  S"nnoml*«:  Q.J.G.S.,  vol.  xi  (18o;V),  p.  4/')0. 

•■  J.  IMaut":  Q.J.G.S.,  vol.  xii  (ISoG),  j).  373. 

'  P.   H.   Brmii»»:    Q.J.G.S.,  vol.  xii  (ISoO;,  p.  371;    vol.  xliii  (18S7),  p.  540  : 
vol.  xlix  (1893.1,  p.  171. 

*  J.  rhilli[n* :  '*  Geologry  of  Oxlon]  ami  Thann^  Vallov,"  p.  97  ;  0\lv)vv\,  \^";\. 
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various  qnftrries  practically  impossible.  This  Tariation  is  qaito  in 
keeping  with  the  false  bedding  seen  throughout  in  tfae  eandstooes. 
;See  Fig.  1.) 


Fio.  1. — Sectiuu  seen  in  Mr.  Ijriffin'ft  quarrj. 
a.  Bed  of  marl. 
4.   Sandy  shales, 
f.   Thick-lwdded  but  enwa-pniiiied  sandatone. 

d.  Stains  shun'iug  bow  t)ie  w-al«r  comes  out  at  base  of  moil  bed. 

e.  Fart  of  tip  heap,  blocks  uf  sandy  nhale. 

Tbcse  are  fine-grained,  micaceous,  red,  and  often  flaggy  at  the  top, 
and  grey  at  the  base.  The  topmost  beils  are  only  seen  in  lir.  Willcox  a 
south  quaiTy.  In  the  luwei'  series  no  large  beds  of  shale  are  present. 
Plant  remains  occur  practically  throughout;  if  in  the  red  stone,  they 
bleach  it  to  a  grey,  or  more  otten  yellow  colour.  By  this  characteristic 
I  have  been  able  to  detect  similar  plant  remains  in  the  sandstone 
surrounding  the  Droitwich  basin  at  Belbroughton,  Northfield,  and  the 
Tuck  Quarry  at  Howoll,  as  well  as  at  the  localities  recorded  by 
Murchison  and  Strickland.  The  sandstones  often  contain  pebbles  of 
marl,  some  of  which,  on  fracture,  occasionally  show  beautiful  crystals 
of  catcite,  which  also  occui's  commonly  within  the  plant  stems. 
Another  curious  mineral  is  green  copper  carbonate,  which  1  have  found 
both  in  the  stems  and  as  impregnations  in  the  sandstone.  These 
occurrences  are  comparable  with  that  of  the  copper  ores  of  Alderley 
Edge  in  Cheshire,*   and  possibly  of  ^Uansfeld'  in  the  Hartz.     At 


'  B.  Hull  :  op.  cil. 
'  J.  A.  Fbillips:  '■ 


Deposits,"  p.  28 ;  London,  1SB4. 
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certain  hoiiEons  the  plants  are  found  in  well-marked  carbonaceou8> 
layers.  In  some  places  in  tlie  sandstone  are  quite  gigantic  stems,  one, 
for  instance,  being  about  7  inches  across  and  several  feet  long. 
I  believe  that  the  marl  conglomerate,  which  usually  contains  fragments 
of  bone,  represents  a  definite  horizon  in  all  four  quarries,  but  I  have 
fuled  to  locate  its  position  in  Mr.  Griffin's  north  quarry,  although  it 
occurs  there.  If  so,  this  is  the  only  constant  bed.  It  is  curious  that 
at  Warwick  most  of  the  bones  came  from  a  very  similar  marly 
conglomerate;  at  Pendock,  Symonds  calls  the  fossiliferous  bed  an 
osseous  conglomerate ;  and  at  Hhrewley,  Brodie  mentions  a  conglomerate 
which  also  contains  fish  and  Labyrint^odont  remains.  Small  ripple- 
marks  have  been  found  in  the  sandstone  in  Mr.  Willcox's  north  quarry. 
The  false  bedding  points  towards  rapid  sedimentation,  and  this  is 
supported  by  the  fact  that  leaves  of  Zamites^  6  inches  long,  have  been 
found  lying  at  right  angles  to  the  general  direction  of  ti^e  bedding, 
and  also  doubled  on  themselves  with  a  good  thickness  of  matrix 
between  the  two  parts.  The  sandstones,  especially  in  their  upper 
part,  are  intercalated  with  shale  beds,  and  the  following  sections  along 
the  dip  faces  in  two  quarries  150  yards  apart  show  the  inconstancy  of 
the  beds  very  typically.     (Fig.  2.) 
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I 
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SANDSTONE. 

MARL   CONOLOMERATE,  WITH 
CARKONACEOrs   LAYERS. 

CROSS- REDDED    SANDSTONES. 
SHALE. 

OREY    SANDSTONE. 


ANOTHER  I  Off.  sekv  in  ANOTHKR 

PART    OF   (HARRY. 


FlO.    i. 


The  sandstones  are  for  the  most  part  quite  difPercnt  in  texture,  and 
especially  in  bedding,  from  those  of  the  Upper  Keuper  which  I  have, 
80  far,  seen  at  InkWrrow,  Shrewley,  and  Leicester. 

The  shales,  which  occur  really  as  flat- topped  lenticles  (see  Fig.  1,  a^  h\ 
are  of  various  hues  from  "brown  to  green.     The  majority  ace  tAndL'jy 
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hut  some  are  true  marls,  and  break  up  into  very  fine  fragments  by 
rudely  spheroidal  weathering.  The  brown  shales  are  well  seen  in 
Mr.  Griffin's  north  quarry,  where  the  9  foot  bed  shown  in  the 
section  has  yielded  good  fossils,  especially  leaves  of  Zam%te$^  which 
occur  usually  where  the  sediment  changes  from  the  sandy  to  the  maily 
facies.  These  shales  also  show  the  same  evidence  of  quick  or  even 
torrential  sedimentation.  The  green  ones  are  mostly  sandy,  and  an 
best  seen  at  the  base  of  Mr.  Griffin's  south  quarry,  where  they  contain 
patches,  absolutely  black  with  vegetable  matter,  and  quite  free  from 
fiund.  These  sandy  green  shales  are  often  minutely  rippled,  and 
^pai-t  from  the  black  patches  contain  many  fragments  of  plants  and 
?  Aruclmida.  In  Mr.  AVillcox's  south  quarry  there  are  some  red  shales 
which  have  so  far  proved  barren. 

As  regards  the  fossilH,  the  most  characteristic  feature  is  the  abundance 
of  plants  and  Arachnidan  remains.  The  latter  are  fragmentary. 
Murcliison  and  Strickland*  recorded  from  the  Lower  Keuper  of 
Worcestei'shire — 

Eclibiostachys  ohlotiffua,  Brongn. 

Part  of  a  llabelliform  j)alm-leaf. 

Broad  leaf  of  some  Monocotylcdonous  plant. 

Many  narrow  Monocotylcdonous  leaves  resembling  grasses. 

Moulds  of  stems  of  doubtful  character. 

Mr.  E.  A.  Newell  Arbcr,  who  has  very  kindly  assisted  me  by 
•determining  the  plants,  has  examined  their  specimen  of  Echinosiaehyi 
preserved  at  the  Museum  of  the  Geological  Society,  and  regards  it  as 
a  male  (tone  of  VoUzia.  These  were  the  only  plants  known  from  this 
horizon. 

The  following  is  a  list  of  the  fossils  I  have  found,  divided  into  those 
2)reserved  in — 

(i;   The  Sandiftonc.  (ii)   The  Shales. 

Plantj:.  Plant.^-:. 

J-jjuist'titrs  aretinretis  (Jaogcr) :  /-'^^^^^/^^^^^^^^(Jacger):  pith-casts. 

pith-cjists  and  leaves.  I'ltjuisUttrs  pp. 

ZtimiteK  Vi'ocauicux  (SchimptT  &  ?  Chiroptrris  diyitata,  Brongn. 

MoujTJ'ot)  :  Ifuvos.  ?  rtnnphyUum  sp. 

Voltzia  sp. :  extornal  surface  of  stem,  ZamittM  Votjf»uicii8  (Schimper  & 

male  coue,  aud  pith-casts  of  stems.  Moujri'ot;  :  leaves. 

Coniferous  wood.  Vultzia  sp. :  pith-casts  of  stem  and  male 

l*is(  Ks.  cones. 

Sj)iiie  of  Aa'odua.  Coniteu  sp. 

Cuprolite.  Akthuopoda. 

Ami'IIIhia.  JCstheria  minufa. 

'J'nth  - ;  cranial,  vertebnil,  and  other  ^Inuy  Irugment-*  of  PArachnida.* 

bones  of  a  La])vriulhodon  Pisces! 

(Mostodonsnurus) !"  J)ipterotioiu8  cyphus, 

Bki'TILia.  .Scales. 
Ihjperodapcdon  Gordoni.* 

J   Op.  cit.,  p.  340. 

-  One  of  these  is  broken  and  shows  ver}*  distinctly  ^^ith  a  lens  the  characteiistic 
structure. 

'  Tart  '>f  the  palato-maxillary  bono,  with  throe  rows  of  teeth. 

*  I  have  shown  some  of  these  to  Dr.  Bather,  who  thinks  that  they  may  probablr 
be  referred  to  the  Arachnida. 
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It  will  be  seen  from  the  above  list  that  the  fossils  of  the  sandstone 
and  of  the  shales  are  rather  distinct,  and  that  the  fauna  of  the  former 
recalls  the  vertebrates  found  at  Warwick.  The  Labyrinthodont 
remains,  next  to  the  plants,  are  the  most  abundant  fossils,  but  ure 
apparently  confined  to  the  marl  conglomerate. 

The  shale  fossils,  on  the  other  hand,  are  better  preserved,  and  show 
a  great  predominance  of  vegetable  remains,  but,  in  places,  fragments 
of  Arthropods  are  abundant.  This  is  especially  so  in  the  above- 
mentioned  black  patches. 

Of  the  Arthropods,  the  JSstheria  are  very  small,  and  quite  different 
from  the  Upper  Keuper  type,  so  abundant  at  Shrewley.  They 
resemble  much  more  closely  those  that  occur  in  the  Rhsetic,  but 
I  have  not  been  able  to  determine  whether  they  agree  with  the 
variety  called  Brodiana.^  There  is  but  one  record  of  Estheria  from 
the  Lower  Keuper  of  England,  viz.  at  Aldorley  Edge.' 

I  have,  so  far,  been  able  to  find  nothing  comparable  at  all  with  the 
other  Arthropod  remains.  There  are  pieces  which  are  certainly 
segments  of  a  jointed  abdomen,  and  others  which  may  represent 
carapaces.  Dr.  Bather  thinks  that  some  of  the  fragments  may  have 
belonged  to  a  Scorpion,  and  some  have  a  Merostomatous  appearance. 

Dr.  Smith  Woodward  has  kindly  examined  the  only  nearly  perfect 
fish  found,  and  refers  it  to  Dipteronotua  cyphu^  Egerton,  which  has 
only  once  before  been  described,  and  that  from  near  Bromsgrove.' 

As  regards  the  plants,  the  leaves  of  Zamites  Vogeiiacus  are  the  most 
characteristic  fossils.  They  are  very  abundant  in  the  9  foot  shale  bed 
in  Mr.  Griffin's  north  quarry.  They  are  broad  and  lanceolate,  with 
parallel  nervation,  average  some  18  inches  or  more  in  length,  and 
show  the  apex,  and  the  base  which  has  a  well-marked  caUosity. 

The  pith-casts  of  Equigetiteg  are  abundant  in  the  sandstone,  but  are 
fragmentary.  There  is  a  marked  paucity  of  specimens  showing  the 
external  surface  and  leaves. 

The  male  cones  of  Voltzia  are  especially  well  preserved.  Some 
show  the  complete  cone  with  a  basal  stalk,  both  the  external  surface 
and  also  the  internal  structure  being  displayed. 

It  is  because  the  Keuper  plants  hitlierto  described  from  England 
are  so  poorly  preserved,  and  hence  so  dubiously  identified,  that  the 
occurrence  of  even  these  few  species  at  Bromsgrove  in  good  preser- 
vation and  some  abundance  is  of  especial  interest.  The  abundance  of 
Cycads  and  Equisetites  points  to  a  flora  markedly  Mesozoic,  while  the 
whole  a-ssemblage  of  fossils  is  that  of  the  Lettenkohl  (Lower  Keuper) 
of  South  Germany,  although  some  of  the  plants  recall  those  of 
the  Bunter  of  the  Vosges,*  while  other  species  range  up  into  the 
Schilfsandstein  (Middle  Keuper). 

I  have  good  hopes  of  adding  to  the  above  list  by  continuing  my 
visits  to  these  quarries,  and  by  working  out  more  completely  the 
material  recently  accumulated;  but  since  particular  attention  has  of 

>  R.  Jones.  •*  Fossil  Estheria  »' :  Pal.  Soc.,  1862. 

'  Rep.  Brit.  Assoc,  1905,  where  also  compare  the  description  of  *  Vleys  *  with  the 
marl  bed«  of  Bromsgrove. 

»  P.  Egerton:  Q.J.G.S.,  vol.  x  (1854).  p.  367. 

«  Schimper  k  Mougeot :  "  Plantes  fossiles  du  Gr^  bigarr^,*'  1840. 
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late  been  drawn  to  the  Trias  by  a  committee  of  the  British  Association, 
this  preliminary  sketch  of  the  results  already  obtained  may  be  of  some 
service. 

My  thanks  are  due  to  many  friends,  but  especially  to  the  quarry 
owners  for  very  active  help,  to  Mr.  Arbor  for  the  identification  of 
Triassic  plants  of  which  very  little  is  known  in  this  country,  and  to 
Dr.  Smith  Woodward  for  examining  the  vertebrate  remains. 


IX. — NoTjfis  ON  SOME   Recent  Work  ox  the  Bokseveld  Fossils. 

By  F.  R.  CowpBR  Rbbd,  M.A.,  F.G.S. 

IN  a  recent  important  article  in  the  **  Kecords  of  the  Albany  Museum, 
South  Africa/'  vol.  i.  No.  vi  (1906),  pp.  347-404,  pis.  vi-x. 
Professor  Schwarz  describes  some  interestiug  fresh  material  from  the 
Hokkeveld  Beds,  and  is  able  to  add  several  new  species  to  the  steadily 
growing:  list.  Incidentally  he  is  led  to  criticise  some  previous  work 
done  by  me  on  the  Brachiopoda  and  Mollusca  from  the  same  beds. 
\Vhilst  I  welcome  the  new  light  he  is  able  to  throw  on  several  of  the 
obscure  fossils  with  which  I  had  to  deal,  I  must  demur  to  some  of  his 
conclusions,  especially  in  the  case  of  the  Brachiopoda ;  and  accordingly, 
as  my  opinion  on  his  paper  has  been  specially  asked  by  other  workers 
on  this  fauna,  a  few  remarks  appear  to  be  requisite.  It  must  not  be 
f()rj:!:otten  that  the  specimens  in  all  cases  are  i>oor  and  unsatisfactory,  but 
Professor  Schwarz  has  had  the  advantage  over  me  of  more  abundant 
material. 

1.  With  i*egard  to  his  new  species  Rensitelaria  relicta  (op.  cit., 
p.  364,  pi.  vii,  fig.  7),  it  is  considered  by  Professor  Schwarz  to  be 
perhaps  identical  with  my  JiensMlaria  sp.  a  (Ann.  S.  Afr.  Mus., 
vol.  iv,  pt.  3,  p.  176,  pi.  xxi,  fig.  8).  Without  seeing  liis  type  it  is 
miturally  impossible  for  me  to  form  a  definite  opinion,  but  his  view 
seems  to  possess  much  probability,  though  mj-  doubts  as  to  the  generic 
position  of  this  shell  have  been  recently  expressed  in  my  description 
oi  Scaphiocwliai^)  africana  ((Jkol.  Mag.,  Dec.  V,  Vol.  Ill  (1906), 
p.  308).  Better  material  will  probably  remove  the  existing  un- 
certainty as  to  its  si)ecific  and  generic  relations. 

2.  The  ribbing  in  liefissehcn'a  hottentoi^  Schwarz  (op.  cit..  p.  365, 
pi.  vii,  fig.  8),  as  described  and  figured,  does  not  suggest  the  genus 
Jiensselaria,  but  rather  the  genus  Rhynchoxpira,  and  the  same  remark 
applies  to  his  'Trigeria  simplex  (pi.  vii,  fig.  9),  which  I  cannot  agree 
is  probably  identical  with  my  Trigeria  aff.  Gaudryi\  the  central 
grooved  narrow  fold  or  wide  rib  on  the  brachial  valve,  represented  in 
Piofessor  Schwarz*s  figures  and  mentioned  in  his  descriptions,  seems  to 
forbid  their  reference  to  Renssdceria  or  Ingeria ;  and,  as  he  remarks, 
T.  simplex  may  rather  be  compared  with  Ilartt's  Retzia  jamestana. 
In  i)lacing  the  latter  in  the  genus  Rhynchospira  T  am  merely  adopting 
Clarke's  view  in  the  case  of  the  Para  examples,  for  the  species  has 
also  been  referred  to  NotothyrU  and  CentroneUa. 

3.  Professor  Schwarz  amves  at  somewhat  different  conclusions 
with  regdrd  to  the  specific  separation  of  the  members  of  the  genus 
Spinftr,  but  he  acknowledges  the  difliculties  with  which  one  has  to 
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contend  owing  to  the  fossils  occurring  only  as  casts  or  impressions, 
and  frequently  in  an  imperfect  conilition.  In  the  iirst  place  it  cannot 
be  denied  that  all  tlie  species  described  from  those  beds  are 
closely  allied,  and  that  many  intermediate  forms  occur  which  might 
be  referred  to  one  or  other  of  the  species  with  equal  justice.  Only 
the  most  marked  forms  at  the  extremity  of  each  series  of  variations  are 
in  reality  capable  of  precise  deHnition,  and  it  is  by  them  that  the 
sjiecific  characters  have  been  established.  Therefore  the  reference  of 
many  of  the  transitional  examples  and  debatable  specimens  depends 
largely  on  the  personal  equation.  In  my  case  it  should  be  remembetfed 
that  I  had  the  advantage  over  Professor  Schwarz  of  examining  the 
type-specimens  in  London.  Professor  Schwarz  would  restrict  the 
name  ^p,  Orhignyi,  Morris  &  Sharpe,  to  those  forms  possessing  a  more 
semicircular  shape  and  a  less  incurved  beak  and  more  backward 
sloping  hin^e-area  on  the  pedicle  valve  than  Sp,  antarcticus^  Morris  & 
Sharpe.  To  the  transversely  fusiform  shells  with  nearly  a  vertical 
hinge-area  and  rather  strongly  incurved  beak  in  the  pedicle  valve, 
which  I  included  under  the  name  Sp  Orhignyi^  Professor  Schwarz 
applies  the  name  antarctiem,  Morris  &  Sharpe.  In  spite  of  the 
differences  pointed  out,  and  in  view  of  further  specimens  which 
I  have  seen,  I  am  reluctant  to  adopt  his  view,  for  the  characters  on 
which  lie  relies  do  not  seem  to  be  constant. 

My  Sp,  cf.  pedroanus  Professor  Schwarz  would  include  in  his 
Sp.  antarcticm  ( =  Sp.  Orbignyiy  mihi),  but  with  this  view  I  cannot 
completely  concur,  for  there  appear  to  be  special  features  in  the 
number,  character,  and  relative  size  of  the  ribs  which  I  have 
previously  mentioned  (Ann.  S.  Afr.  Mus.,  loc.  cit.,  p.  183,  pi.  xxii, 
lig.  5).  Professor  Schwarz  also  misunderstands  my  description  by 
thinking  that  I  took  Sp.  pedroanm  to  have  only  10-16  ribs  in  all,  but 
the  fact  that  I  largely  rely  for  the  comi)arison  on  the  number  of  the 
ribs  (20-22)  in  the  South  African  form  should  have  been  sufficient  to 
indicate  that  I  had  clearlv  in  my  mind  Hartt*s  statement  tliat  there 
were  10-16  ribs  ow  each  side  of  the  fold  and  sinus.  1  am,  however, 
ready  to  admit  that  my  Sp.  cf.  pedroanus  may  not  be  identical  with 
the  South  American  species  bearing  tliis  name,  and  may  he  only  an 
extreme  variety  of  the  Sp.  antarcticm  of  Professor  Schwarz. 

In  the  case  of  Sp.  Ceres,  mihi,  Professor  Schwarz  belii^ves  that  one 
of  the  specimens  figured  by  me  (pi.  xxii,  fig.  6)  is  an  overgrown 
example  of  Sp.  Orbignyi  or  Sp.  antarcticm,  though  his  very  reasons 
for  adopting  this  view  considerably  weaken  his  arguments  in  favour 
of  the  separation  of  Sp.  Orbignyi  from  Sp.  antarcticm.  Likewise  his 
inclination  to  identify  Sp.  Ceres  with  Sp.  llawkinsi  (for  which 
I  cannot  see  sufficient  evidence)  proves  that  he  allows  much  latitude 
of  variation  in  his  specific  interpretations. 

It  is  always  a  misfortune  to  have  to  multiply  spocitic  names, 
particularly  in  connection  with  poorly  preserved  fossils,  and 
one  would  be  glad  to  reduce  the  number  of  species  of  Spirifer 
reconled  from  the  Bokkeveld  Beds.  But  when  local  varieties 
or  zonal  mutations  may  be  .suspected  it  is  wise  not  to  neglect 
minor  differences  obdervablc  in  specimens  from  other  localities 
and  rocks,  than   the   type;  and  particularly   does   this   seem   to   be 
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a  necessary  waming  in  the  case  of  the  Bokkoveld  Beds  with  their 
diverse  lithological  development,  and  in  view  of  the  absence  of 
minute  zonal  work  or  zonal  collecting  from  the  beds  included  in  this 
stratigraphical  series. 

4.  In  the  case  of  the  Mollusca  Professor  Schwarz  is  able  to  record 
several  new  species.  Perhaps  with  regard  to  the  specimen  identified 
as  Cypricardella  Pohli,  Clarke,  the  figure  leaves  something  to  be 
desired,  as,  comparing  it  with  the  one  given  by  Clarke  of  this  species^ 
there  does  not  seem  to  be  much  resemblance.  However,  without 
seeing  the  specimen  a  fair  criticism  cannot  bo  passed. 

5.  With  regard  to  the  trilobites  and  the  points  of  difference 
between  Professor  Schwarz  and  Mr.  Lake  in  their  identification,  it  is 
not  for  me  to  pass  any  opinion.  A  small  collection  recently  presented 
bv  the  South  African  Museum  to  Cambridge  includes  a  good  example 
of  the  new  species  Ifomalonotus  hippoeamptts,  Schwarz,  which,  as  the 
author  states,  is  sharply  separable  from  27.  JBencheli,  I  notice  the 
subgeneric  name  Cryphmw  still  used  by  Prof.  Schwarz  in  oonnectioQ 
with  Phacops,  though  it  has  been  shown  to  bo  preoccupied  (Qbou 
Mag.,  Dec.  V,  Vol.  II,  1905,  p.  173),  and  it  is  doubtful  if  mny 
of  the  South  African  forms  referred  to  this  subgeneric  gnnip, 
Asteropyge,  can  be  rightly  retained  in  it  without  undue  eztension 
of  its  meaning. 

In  a  subsequent  article  a  review  of  the  whole  fauna  will  be  giveflu 
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I. — A     CONTEIBUTION    TO    OUR    KNOWLEDGE   OP  THE   LlMBSTONE   KnOLLS 

OF  Craven.     Bv  A.  Wilmore,  F.G.8.' 

rPHE  Craven  Lowlands  district,  between  the  great  faults  on  the 
1  north-east  and  the  grit  hills  of  the  Pendle  Range  on  the  south,  is 
characteiised  by  u  well-known  series  of  limestone  knolls  which  have 
been  the  subject  of  much  discussion.'^  Having  worked  in  the  district 
for  some  years  I  venture  to  make  the  following  suggestions. 

I.  Tlie  words  *  knoll  *  and  *  reef -knoll'  seem  to  be  differently 
understood  by  ditFcreiit  workers.  It  seems  to  me  desirable  to  drop  the 
terra  *  reef-knoll.*  This  term  was  applic<i  by  Mr.  Tiddeman  to  certain 
extreme  members  of  a  series  :  there  is  every  possible  gradation  between 
these  and  ordinary  rounded  knolls  to  which  the  term  would  never  be 
applied.  Further,  the  hills  so  named  by  Mr.  Tiddeman  have  not  all 
originati'd  in  the  same  way. 

*  Paper  read  in  Section  C  (Geologfv)  at  BritiBh  ABsociation  Meeting,  York,  1906, 
2  Tmdcnian :  Brit.  Assoc.  Rep.,' 18i)9 ;  Brit.  Assoc.  Handbook  for  Leeds  aad 
Ain^dalc,  ]890;  Brit.  Aiwoc.  liep.,  1900;  Gkol.  Mao.,  January,  1901.  Mirr: 
Q.J.G.S..  vol.  Iv,  pt.  3  (Auf^iLst,  1899) ;  also  Dukyus  in  same  number.  W.  Hind  & 
llowe,  "  On  the  Tendleiddo  Group  at  Pendle  Hill,  etc."  :  Q.J.G.S.,  vol.  Irii,  pt  S 
(August,  1901).    Sir  A.  Geikie :  "  Text  Book,"  vol.  ii  (1903),  p.  lOil, 
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II.  The  following  types  of  knolls  maj  be  recognised : — 

(A)  Those  in  the  grey  or  bluish-white  limestone.  Some  of  these 
are  well -bedded  and  very  fossil  if erous ;  some  are  obscurely 
bedded ;  some  are  not  apparently  very  fossiliferous. 

(B)  Those  in  the  dark  limestones  witli  numerous  shales:  these 
knolls  are  lower  and  more  rounded. 

(C)  Scar-knoUs ;  truncated  folds  weathered  into  semi-rounded  and 
more  or  less  detached  masses.  These  vary  from  small  crags 
through  large  peninsular  masses  to  long  scar-like  ridgea. 
lliese  may  be  in  the  white  or  dark  limestones.  Sometimes 
a  scar-knoll  has  been  detached  from  the  main  mass  of 
a  Hmestone  by  weathering. 

There  are  gradations  of  every  degree  connecting  these  types. 

III.  Examples  of  all  these  types  of  knolls  occur  on  one  well-defined 
horixon.  They  may  all  be  seen  striking  parallel  with  the  Pendleside 
shales  containing  Posidonomya  Beeheri^  PosidonieUa  lavis,  Avioulo* 
pecUn  papyraceuB,  and  immediately  succeeded  by  these  shales.  The 
succession  may  be  seen  at  Cracoe  and  Thorpe,  Stockdale,  Newsholme, 
Broughton  and  Thornton,  Downham,  Slaidburn. 

IV.  The  knolls  are  most  conspicuous  on  the  margins  of  the  distiict. 
They  are  seen  close  to  the  faults  at  Threshfield,  Malham,  Attermire, 
Stockdalc,  and  Bell  Busk.  Against  the  grit  ridges  on  the  southern 
side  they  are  well  developed  at  Thorpe  and  Cracoe,  Broughton  and 
Thornton,  and  near  Downhum. 

It  is  noteworthy  that  knoU-liko  masses  are  seen  north  of  the 
Grassington  branch  of  the  Craven  faults,  at  Craven  Moor,  and  near 
Dibble's  Bridge.  Here  the  massive  white  limestones  come  up  with 
a  much  greater  dip  than  is  usual  north  of  the  faults. 

The  whole  district  is  much  folded.  There  are  well-defined  folds 
with  if.E.-S.W.  axes  intersected  by  less  conspicuous  folds  parallel  to 
the  main  Pennine  axis.  The  interference  of  these  fold-systems  seems 
to  have  directly  produced  some  of  the  knolls.  Folding  is  seen  every- 
where, in  both  the  dark  and  the  white  limestones ;  though  the  well- 
bedded  (lark  limestones  naturally  show  it  best.  Minor  faults  are 
common,  and  some  of  the  knolls  appear  to  be  due  in  part  to  faulting. 

V.  The  more  massive  knolls  of  white  limestone  appear  to  be  due  to 
irregular  aggregations  of  submaiine  dobiis.  Folding  has  ridged  up 
these  massive  limestones,  and  weathering  has  intensified  the  ditlerence 
between  these  and  the  commoner  knolls  of  the  district.  The  smaller 
knolls  ai-e  due  to  folding  (as  in  IV)  and  subsequent  weathering. 


II.  —  Investigation     of     the     Fossilifkhous     Drift     Deposits     at 

KiKMINGTOX,     LiNCOLNSniRK,     AND     AT      VARIOUS     LOCALITIKS     IN     THE 

East  Hiding  of  Yorksuire.*     By  J.  W.  Stathkr,  F.G.S.' 

The  Speeton  Shell-hed, — As    mentioned    in  last   year's  repoi*t,  this 
fossiliferous  estuarine  sand  was  first  described  by   rrofcssor  Phillips 

*  Report  of  the  Conjmittee,  consistinof  of  Mr.  G.  W.  Lamplugh  (Chairman), 
Mr.  J.  W.  Slather  (Secretary),  Dr.  TemiHJst  Audorsou,  Prolessor  J.  AV.  Carr, 
Bev.  W.  Lower  Carter,  Mr.  A.  R.  Dwerrvhouso.  Mr.  Y.  W.  Ilarmer,  Mr.  J.  H. 
Howarth,  Rev.  W.  Johnson,  Professor  V.  Y.  Kendall,  Mr.  H.  13.  Muff,  Mr.  E.  T. 
Newton,  Mr.  Clement  Reid,  and  Mr.  Thomas  Sheppard. 

*  Paper  read  in  Section  C  (Geology)  at  British  Association  Meeting,  Yoik,  \^^^. 
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in  his  **  Geology  of  Yorkshire "  (pt.  i,  p.  100),  and  later  by 
Mr.  G.  W.  Lamplugh  in  the  Gkolooical  Magakine  for  1881  (p.  176). 
As  the  bed  is  almost  always  obscured  by  slips,  so  that  its  relations  to 
the  drift  arc  open  to  question,  it  was  decided  to  examine  its  position 
by  excavations. 

Since  the  presentation  of  the  last  report  several  excavations  have 
been  made  in  the  neipjhbourhood  of  the  exposures  seen  by  Professor 
Phillips  and  Mr.  Lamplugh,  and  your  Committee  reports  that,  though 
the  results  obtained  are  corroborative  of  the  accounts  given  by  the 
observers  above  named,  they  also  include  certain  new  points  of  interest. 

The  largest  excavation  was  made  in  the  ridge  between  Middle  Cliff 
and  New  Closes  Cliff  at  Speeton,  and  at  this  place  beds  were  exposed 
as  follows : — 

(A)  Boulder-clay  (lower  part  only  excavated) 

((B)  Fine  chalky  gravel 
(C)  Yellowish  Handy  silt  with  shells 
(Dj  Black  silt  
(E)  Black  silt  with  sandy  streaks  and  a  litUe  gravel  ... 
{¥)  Fine  gravel,  chiefly  of  chalk          

(G)  Speeton  Clay  (b&se  of  Bel.  jaeulum  zone  \\  feet, 
and  **  compound  nodular  band  **  6  inches,  forming 
the  upper  portion  of  the  slopin?  cliff  of  secondary 
clays  84  feet  aboye  beach-level)* 

It  will  be  seen  from  the  above  section  that  the  shell-bed  is  here 
17  feet  8  inches  thick,  and  its  base  is  about  86  feet  above  the  present 
beach. 

The  gravel  (F)  rests  on  the  Bel.  jaeulum  clays,  but  contains  some 
material  washed  from  the  lower  beds  of  the  Speeton  Clay,  such  as 
fragments  of  Bel.  lateralis,  cjtc. 

The  excavation  showed  that  the  beds  do  not  ivst  on  a  flat  surface 
of  Speeton  Clay,  but  that  their  surface  dips  into  the  cliff  at  an  angle  of 
25  degrees,  and  that  the  bedding  of  the  shelly  deposit  itself  also  dips 
into  the  cliff  at  about  the  same  angle. 

Shells  occur  throughout  the  silty  beds,  but  are  most  plentiful  in 
bed  C.  When  excavating,  the  shells  seen  were  Curdium  edule,  Tellina 
balthica^  Scrohicularia  piperata,  and  Hijdrobia.  A  (quantity  of  the 
shelly  material  was  collected  for  washing,  on  which  the  Committee 
will  report  later. 

S(»arch  was  made  for  the  shell-bed  at  the  same  level  both  north  and 
south  of  the  main  excavation.  Southwards  no  trace  was  observable, 
but  northwards  the  beds  were  traced  fifty  yards  along  the  slopes  of 
New  Closes  Cliff. 

At  the  foot  of  the  cliff,  about  500  yards  northward  of  the  site  of  the 
excavations,  similar  shelly  silts  were  laid  bare  duiing  favourable 
conditions  of  the  foreshore  early  this  year.  In  this  exposure  the  beds 
attained  a  thickness  of  4  to  5  feet,  and  were  traceable  for  at  least 
100  yaixls.  The  silts  rested  on  Kimeiidge  Clay,  and  were  overlain 
by  glacial  drifts,  which  at  this  locality  are  extremely  thick. 

At  the  north  end  of  this  section  the  following  particulars  were 
noted : — 
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ft.  in. 
Boulder-clay  with  intercalated  stratified  sand  and  gravel, 

not  less  than 120  0 

Fine  chalkv  j^ravel  2  0 

Silt  with  sfielis      3  0 

Kimeridge  Clay 4  0 

The  thanks  of  the  Committee  are  due  to  the  Right  Hon.  the  Earl  of 
Londeshorough  for  permission  to  investigate  the  shell -hed  at  Speeton, 
and  to  Mr.  C.  G.  Danford,  of  lieighton,  for  help  in  many  ways. 


E  ^STIE  ^VS  . 


I. — Mehoiss  of  the  Geological  Survey,  England  and  "Wales. 
Explanation  of  Sheet  110  :  The  GKOLOor  of  the  Country 
AROUND  Macclesfield,  Conoleton,  Crkwe,  and  Middle wich. 
By  T.  I.  PococK,  M.A.  With  Contributions  bv  G.  Barkow, 
F.GS.,  W.  Gibson,  li.Sc,  F.G.S  ,  C.  B.  Wedd,*^  B.A.,  F.G.S., 
and  J.  A.  Howe,  B.Sc,  F.G.S. ;  and  Notes  on  Fossils  hy 
E.  T.  Newton,  F.li.S.^     pp.  138.     1906.     Price  2«.  6rf. 

Map.  Sheet  110.  1  inch  to  the  mile.  An  edition  showing  drift  and 
solid.     Printed  in  colours.     Price  1«.  6rf. 

IN  this  new  issue  of  Sheet  110  we  have  an  excellent  map  at  a  low 
cost.  The  new  method,  adopted  in  the  map  of  Stoke-on-Trent, 
immediately  contiguous,  supersedes  the  old  hand-coloured  maps, 
with  their  inaccuracies  due  to  the  personal  vagaries  of  the  colourist, 
the  difficulty  of  getting  the  same  tint  of  colour  on  different  copies,  and 
the  want  of  permanence  in  the  colour,  due  to  fading,  and  to  the  fact 
that  the  colours  run,  if  the  map  gets  damp.  The  production  of  the 
map  is  one  for  hearty  congratulations  to  all  concerned,  but  we  would 
fain  have  seen  two  editions,  a  drift  and  a  solid. 

The  present  edition  attempts  to  show  both,  consequently  the  solid 
geology  of  the  area  is  not  as  distinct  as  it  mi<rht  be.  The  sheet 
intro<luces  more  countrv  to  the  west  and  less  of  the  east  than  in  the 
old  edition,  and  on  the  whole  takes  in  a  much  larger  area.  We  are 
glad  \jo  see  the  terra  Pendleside  Series  adopted  for  the  beds  between 
the  Carboniferous  Limestone  and  the  Millstone  Grits,  and  a  distinctive 
colour  adopted  for  them.  We  hope  that  the  Survey  will  continue  the 
use  of  the  term  for  similar  beds  on  the  eastern  side  of  the  Pennine 
uplift  and  thus  avoid  further  ambiguity. 

The  map,  we  understand,  is  printed  and  coloured  at  the  Ordnance 
Office,  published  by  the  Board  of  Agriculture,  and  distributed,  as 
agent  apparently,  by  Fisher  Tin  win. 

The  Memoir  contains  detailed  descriptions  of  the  various  divisions  of 
sedimentary  rocks  which  occupy  the  area  of  the  map.     They  include 

*  A  brief  note  of  this  Memoir  appeared  under  "Notices  of  Memoirs**  in  the 
December  Number  of  the  Geological  Magazine,  1906,  p.  558. 
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the  small  inlicr  of  Carboniferous  Limestone  of  Astbury  with  its 
Tolcanic  tuff,  an  extensive  development  of  the  Pendleside  Series  and 
Millstone  Grits,  and  the  Coal-measures  of  the  Biddulph  Basin.  East 
of  the  Red  rock  fault  the  whole  area  is  occupied  by  Triassic  rocks  of 
the  Bunter  and  Keuper  divisions.  The  whole  district  is  more  or 
less  overlain  by  glacial  deposits,  but  the  high  ground  on  the  eastern 
margin  of  the  map  is  comparatively  free  from  drift. 

In  the  last  edition  of  the  Memoir  on  this  area  there  was  a  small 
sketch-map  of  the  district  geologically  coloured.  The  absence  of  this 
we  regret  in  the  new  edition ;  we  should  like  to  see  such  a  map  in 
every  memoir  issued  by  the  Survey.  It  is  most  useful  for  reference 
by  the  student  of  the  memoir.  All  work  in  the  area  by  local  geologists 
has  been  duly  acknowledged,  and  we  note  that  the  palsBontology  is 
almost  entirely  due  to  local  workers. 

The  area  is  an  interesting  one,  and  includes  the  western  limb  of  the 
great  Pennine  anticlinal,  and  part  of  the  Triassic  plain  which  abuts 
against  it.  In  the  north-west  comer  of  the  map  the  surface  of  the 
land  is  84  feet  above  O.D.,  while  at  Shutlingslow  the  top  of  the 
hill  is  1,658  feet  above  O.D. 

Iq  the  area  included  in  the  map  the  Millstone  Grits  are  thinning 
out  rapidly  from  north  to  south  and  from  east  to  west.  In  the  north- 
east five  b^ds  of  Grit  can  be  made  out,  but  at  Mow  Cop  only  two  of 
them,  sup()08ed  to  represent  the  first  Grit  or  Hough  rock  and  the 
third  or  Roaches  Grit,  are  found,  and  those  much  less  thickly  bedded 
than  to  the  north-cast. 

The  urea  •  contains  a  very  interesting  patch  of  igneous  rock  well 
exposed  in  Astbury  Old  Limestone  Quarry  and  the  stream  to  the 
north.  The  north  end  of  the  quarry  shows  a  large  thick  mass  of 
agglomerate  containing  well-preserved  fossils  and  blocks  of  marmorised 
limestone.  In  the  southern  part  of  the  quarry  be<i8  of  intrusive 
material,  which  have  baked  the  shah's  above  and  below  them,  are  to 
be  seen  intercalated  in  a  shale  and  limestone  series  which  forms  the 
base  of  the  Pendleside  Series,  and  contain  Prolecanites  compressua  and 
Trilobites  and  Corals  belonging  to  Amplexizaphrentis  and  Cyathaxonia, 
We  fail  to  find  any  account  of  this  important  fauna  in  the  memoir. 

The  chapter  on  the  Pendleside  Scries  is  of  interest,  and  we 
congratulate  the  author  that  he  has  wisely  seen  fit  to  include  a  large 
amount  of  paloBontology  in  this  part  of  his  memoir. 

Eighteen  pages  are  devoted  to  the  Millstone  Giit,  and  here,  alas! 
we  find  no  palajontological  work,  though  the  shales  between  the  grits 
contain  marine  faunas.  Twelve  pages  only  are  allowed  for  a 
description  of  the  Coal-measures,  and  two -thirds  of  a  page  is  all  wc 
have  on  fossils  and  fossilifcrous  horizons  in  that  Hold.  In  the  chapter 
on  the  Trias  (p.  59)  we  meet  with  the  following  statement :  '*  The 
district,  however,  affords  evidence  that  this  continental  period 
(alluding  to  the  Trias  as  *  this  remarkiible  land  period  *)  slowly  pa.Hsed 
away,  and  was  succeeded  by  one  of  regional  depression,  during  which 
the  Midlands  and  a  large  portion  of  England  sank  once  more  beneath 
the  ocean."  Taken  in  conjunction  with  this  we  find  on  p.  65 :  **  The 
Jurassic  deposits,  which  elsewhere  conformably  succeed  the  Trias, 
doubtless  overspread  the  lower,  if  not  the  higher,  parts  of  this  area 
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also  ;  a  lai^  outlier  still  remains  in  the  county  of  Shropshire.  Nor  is 
it  likely  that  the  north-western  counties  escaped  the  more  p^eneral 
Bubmergence  of  England  which  ensued  in  Cretaceous  times.**  We 
take  exception  to  these  views  and  ask  for  the  proofs  or  evidence. 

Granted  the  continental  conditions,  or  rather  the  inland  salt  sea,  of 
Trias  times,  out  of  which  the  Lake  Kills  and  the  Higher  Pennines 
above  800  feet  appeared,  what  evidence  is  there  that  these  areas  were 
ever  again  submerged  ?  The  crevices  and  caverns  of  the  Carboniferous 
Ximestone  contain  no  relics  of  Jurassic  or  Cretaceous  age,  as  is  the  case 
in  Somersetshire.  No  outliers  of  Secondary  rocks  are  found  in  the 
Pennine  area  or  the  north-west  counties  of  England,  or  occur  nearly 
as  high  above  sea-level  as  .the  highest  Triassic  beds  of  the  Midlands. 
The  large  sand  and  clay  pits  of  Staffordshire  and  Derbyshire  contain 
nothing  later  than  Triassic  material  and  Glacial  drift.  One  cavern  in 
Derbyshire  alone  has  yielded  bones  of  Tliocene  animals,  but  this  fact 
does  not  bear  on  the  question  of  a  depression  beneath  the  sea  to  over 
2,000  feet  in  the  Midlands.  Consider  the  height  above  O.D.  at  which 
Jurassic  deposits  are  found  elsewhere,  even  the  two  nearest  to  the 
area,  the  Shropshire  and  Nee<lwood  forest  outliers.  They  are  both  at 
a  much  lower  level  even  than  the  highest  Triassic  beds.  In  connection 
with  this  subject  it  would  have  been  of  importance  and  interest  if  the 
authors  of  the  memoir  had  discussed  the  limits  above  O.D.  of  the  Trias 
of  the  district.  There  is  a  long  and  important  section  on  Glacial  and 
other  superficial  deposits.  The  area  is  classical  and  contains  the 
highest  bed  of  marine  shells  in  England,  1,200  feet  above  sea-level. 

The  Memoir  is  a  useful  introduction  to  the  geology  of  the  area ;  the 
illustration  and  sections  are  helpful  to  the  geological  student,  and  give 
him  a  graphic  view  of  the  tectonic  structure  of  the  district. 

W.  H. 


II.  —  Summary  ok  PaofiREss  op  the  Geological  Survey  of  the 
United  Kingdom  yoh.  1905.  pp.  209,  with  4  plates  and  3  text- 
illustrations.     Price  \s. 

fl^HlS  is  soraewliut  lato  in  issue,  considorin<2:  that  the  far  more 
A  elalwrate  IJcport  of  the  Transvaal  G(u)lop;ioal  Survey  for  the  same 
year  reached  us  some  weeks  n^n.  The  present  work  contains 
purticuhirs  of  the  field-work  in  Derbyshire  and  2Sotting]iainslure,  in 
Cornwall,  Carmarthenshire,  and  Penibrokesliiro,  in  the  North  and 
West  Highlands  of  Scotland,  and  around  (ilasgow  and  Airdrie.  The 
Survey  of  Ireland  was  severed  from  tliat  of  Great  Britain  during  the 
early  part  of  the  year,  so  there  lias  not  been  mucli  to  record  about  it. 
Among  notable  contributions  to  this  work  are  Mr.  J.  A.  Howe's 
report  on  Koad-stones;  Dr.  Flett's  descriptions  of  Lewisian  rocks; 
Mr.  Jiarron's  account  of  recent  excavations  in  London  ;  and  Mr.  H.  A. 
Allen'8  Catalogue  of  Types  and  Figured  Specimens  of  Ih'itish  Lamelli- 
hranchiata  from  the  Oolites,  preserved  in  the  Museum  of  Practical 
Geology. 
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III. — E.    W.    Berrt.      I. — A   Brief    Sketch    of    Fossil  Plants. 

II. — The    Flora   ok  the    Cliffwood    Clays.      Annual  Report, 

Geological  Survey,   New  Jersey,  for  1905,  part  ii»  pp.  99-156, 
with  8  plates  and  7  text-figures.     Trenton,  N.J.,  1906. 

IN  this  sketch  of  fossil  plants  Mr.  Berry  touches  very  briefly  upon 
a  number  of  points  connected  with  the  study  of  paleeobotany, 
sucli  as  nietho<is  of  presei*vation,  early  views  regarding  fossils,  and 
leaf  venation.  Perhaps  the  most  interesting  sections  are  those  devoted 
to  generalized  ancestral  forms  and  the  Ilecapitulation  Theory. 
^Ir.  Berry  speaks  of  certain  mid -Cretaceous  fossils,  such  as  those 
referred  to  the  genus  Sansafras^  known  only  as  leaf- impressions,  as 
being  synthetic  types,  combining  characters  common  to  other  genera. 
We  agrte  with  the  anthor*s  remark  that  **  it  is  hardly  safe  to  draw  too 
definite  conclusions  from  the  evidence  of  one  set  of  organs,  such  as 
leaves."  As  illustrations  of  the  truth  of  the  Ilecapitulation  Theory, 
which  Mr.  JJerry  applies  in  a  whole-hearteil  manner  to  the 
Angiospermous  leaf -impressions,  fossils  assigned  to  Liriodendron  and 
Myrica  are  discussed,  and  the  leaves  of  the  earliest  representatives  of 
these  genera  are  found  to  resemble  the  'juvenile  *  foliage  of  seedlings 
of  the  living  plant. 

In  this  connection  we  may  repeat  a  word  of  warning.  It  may  be 
taken  as  a  general  rule,  to  which  the  exceptions  are  but  few,  that  it 
is  not  safe,  we  might  almost  say  not  scientific,  to  refer  a  fossil 
Angiospermous  plant  to  a  living  genus  solely  on  the  evidence  of  leal- 
impressions  ;  an  axiom  which  is  too  olten  lost  sight  of  by  those  who 
devote  attention  to  the  difficult  study  of  such  plant  remains. 

This  bright  and  interesting  sketch  concludes  with  a  brief  review  of 
the  succession  of  geological  flora**,  especially  in  the  United  States. 
Some  of  the  statements  made  are  now  hardly  accepted,  as,  for 
instance,  the  ju'oof  of  the  occurrence  of  **  ferns  (Filicales)  and  horsetail 
rushes  (Equise tales)'*  in  the  Cambrian  and  Silurian  rocks,  the 
Dawsoiiian  theory  that  the  Hydropterideae  wei*c  vastly  abundant  in 
the  ])evonian  period,  which  the  author  refers  to  in  a  guaixled  manner, 
and  the  view,  now  no  lon«»er  tenable  though  cnrrent  as  recently  as 
the  publication  of  this  sketch,  that  the  Carboniferous  and  Permian 
Feni-like  ])lants  were  largely  referable  to  the  family  MarattiacesB. 
The  interesting  diagram  included  to  illustrate  the  distribution  of  plants 
ill  geological  time,  and  what  is  known  as  to  their  phylogeny,  leaves 
one  with  the  impression  that  the  author  holds  that,  in  many  cases, 
plant  life  was  more  varied  and  abundant  at  the  end  of  a  geological 
peiiod  than  at  the  heginning,  a  theory  which  it  would  be  exceedingly 
difhoult  to  prove. 

The  s(»coiid  paper  contains  a  description  of  the  Cretaceous  flora  of 
the  Cliffwood  Clays  of  New  Jersey.  The  most  interesting  specimen 
figured  is  a  new  Fern -like  plant,  apparently  in  the  fertile  state,  for 
which  the  new  genus  and  species  HeterofiUcites  anceps  is  proposed,  but 
there  appears  to  be  some  doubt  as  to  whether  the  sporangia-like  bodies 
are  re;illy  fructifications. 

Among  the  other  leaf -impressions  described  and  figured  are  new 
species  referred  to  Ftcfa,  Phtanm,  Liriodendron^  and  Sterculia, 

E.  A.  N.  A. 
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IV. — A  IN'ew  Geological  Map  of  Ireland. 

MESSRS.  J.  BARTHOLOMEW  &  CO.  have  just  publishe.!  a  "Map 
showing  the  Surface  Geology  of  Ireland,  reduced  chiefly 
from  the  Orii nance  and  Geolorical  Surveys  under  the  direction,  of 
Sir  Archibald  Geikie,  D.Sc,  LL.D.,  F.R.S.,  late  Director-General 
of  the  Geological  Survey."     Scale,  10  miles  to  1  inch.     Price  6ji. 

The  map  is  on  the  same  scale  as  Sir  A.  Gcikie's  maps  of  England 
and  Wales  and  Scotland,  issued  by  the  same  publishers,  and  is  executed 
with  even  greater  attention  to  detail ;  in  fact,  where  the  covering  of 
drift  is  absent,  the  amount  of  detail  shown  is  wonderful.  At  the  same 
time,  from  the  point  of  view  of  those  who  are  neither  ajjriculturists 
sor  glacialists,  it  is  a  great  pity  that  the  map  has  not  been  issued  a» 
a  solid-geology  map,  like  \X%  English  and  Scotch  companion  maps. 
The  explanation  is  as  follows  : — The  map  was  printed  at  the  suggestion 
of  the  Department  of  Agriculture  for  Ireland,  whose  original  intention 
was  to  have  two  maps,  one  showing  solid  geology  and  the  other  drift 
geology.  Subsequently,  however,  they  decided  to  have  only  one  map, 
and  chose  the  drift  map  as  best  suited  to  their  requirements.  It  is  to 
be  hoped  that  Sir  A.  Geikie  and  Messrs.  Bartholomew  may  see  their 
way  to  issuing,  at  the  earliest  possible  date,  a  8olid-geolo«.'y  map,  as 
the  geological  structure  of  the  country  is  very  much  obscured  by  the 
drift,  although  it  should  be  mentioned  that  the  boundaries  of  the 
underlying  formations  beneath  the  drift  are  given.  To  make  them 
out,  however,  requires  minute  study,  so  that  a  far  better  general  idea 
of  the  structure  of  the  drift-covered  country  is  obtainable  from 
Professor  Hull's  map,  in  spite  of  its  less  detailed  character. 

B.  HOBSON. 


V. — The  Bkrnkse  Oberland. 

Das  Bekxeroberland  und  Nachbargkbiete  :  ein  geologischer 
FcHRKR,  von  A.  Baltzer.  Hit  74  Figuren  im  Text,  und  einem 
Routenkartchen.  Sm.  8vo  ;  pp.  348.  Berlin  :  Gebriider 
Borntraeger,  1906. 

rpHIS  little  work  is  one  (No.  xi)  of  a  series  of  illustrated  geological 
I  guidebooks  to  various  districts  in  Europe.  They  have  all  been 
prepared  by  thoroughly  qualiticd  writers,  among  whom  are  to  be 
found  such  well-known  names  as  those  of  E.  W.  Bonecke  and 
A.  Tomquist. 

The  volume  before  us  is  devoted  to  that  beautiful  and  much 
frequentetl  part  of  Switzerland  known  as  the  Bernese  Oberland,  which 
will  conjure  up  for  many  a  reader  the  most  delightful  recollections  of 
long  rambles  among  its  mountains  and  valleys.  It  is  divided  into 
a  number  of  routes  and  branch  routes,  and  under  each  of  these  the 
physical  and  geological  features  are  described  with  as  much  detail  as 
the  limits  of  space  will  permit.  Some  of  the  illustrations  are  in 
outline,  others  are  reproductions  from  photographs,  the  latter  mostly 
provided  with  key-plates,  the  different  classes  of  rocks  being  indicated 
by  the  usual  methods.  There  are  also  two  plates,  slightly  tinted, 
from  drawings  made  by  the  author  to  illustrate  the  Aletsch  laccolith. 
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The  writer,  mindful  that  his  little  book  ia  to  serve  as  a  guide,  gives 
careful  directions  from  place  to  place,  adding  the  distance  to  be 
traversed  on  each  journey  that  the  wayfarer  may  know  what  is  before 
him.  There  is  a  small  map  at  the  beginning  of  the  book  (scale 
1  :  1,000,000)  marked  with  red  and  blue  lines,  indicating  the  main 
routes  and  their  branches  described  in  the  text.  Its  area  extends 
approximately  from  Basel  (the  starting-point  for  all  the  .tours)  in  the 
noi'th-west  comer  of  the  map  to  Lcuk  in  the  south-west,  and  from 
Winterthur  in  the  north-east  to  Airolo  in  the  south-east. 

A.  H.  F. 


VI. — Grolooical  Subvkt  of  Westebn  Australia.  Bulletin  No.  23 : 
Thibd  Kbpobt  on  thk  Geological  Features  and  Mineral 
Kesources  of  the  Filbara  Goldfiklb.  By  A.  Gibb  Maitlanii, 
Government  Geologist.  8vo;  pp.  92,  with  7  geological  maps 
and  13  figures.     (Perth,  W.A.,  1906.) 

rpmS  report  contains  descriptions  of  those  mining  centres  in  the 
X  Pilbara  Goldficld  not  referred  to  in  Bulletins  1*5  and  20.  It 
includes  full  details  of  the  gold-mining  centres  of  Tambourah,  Western 
Shaw,  North  Shaw,  and  Just-in-time,  together  with  the  tin-fields  of 
Wodgina  and  Cooglegong.  It  is  fully  illustrated  with  coloured 
gcolo<;ical  and  mining  maps,  which  lielp  greatly  in  elucidating  the 
text.  A  general  summary  is  also  given  of  the  geological  features, 
mineral  resources,  and  future  prospects  of  the  Pilbara  Goldfield,  drawn 
up  by  Mr.  A.  Gibb  Maitland,  mostly  from  personal  investigations. 
The  author  was  assisted  in  the  field-work  by  Mr.  H.  W.  B.  Talbot 

The  occurrence  of  sections  reveals  geological  structures  not  met  with 
in  the  more  southerly  districts,  and  these  also  throw  much  light  upon 
problems  connected  with  the  geology  of  other  goldfields. 

The  following  table  exhibits  the  succession  of  the  rocks  met  with 
in  the  Pilbai-a  Goldfield  : — 

Recent  Blown  sand,  alluvium  of  the  rirer  beds,  and 

residual  d('p<^^its. 

Oakover  Beds  (age  ?)  ...     Sandstones,  limestones,  etc. 

Nullagine  Beds  (ag-e'r)  ...     Sandstones,  jn'its,  conglomerates,  and  vol- 

canic n)cks.     (Gold-l>earing  in  places.) 

Mosquito  Creek  Beds  (age  ?)...     Grit/«,  sliales,  and  tine  conglomerates.  {Gold- 

1)earinfr  in  places.) 

Warrawoona  Beds  (Archceau  ?)     Mctamorphic  sedimentary  rocks,  auartzites, 

conglomerates,  greenstone  scnists,  and 
allied  rocks,     ((iold-l)earing.) 

Granite  and  gneiss     (Tin- nnd  tantalite-bt»aring  and  auriferous 

in  places.) 

Dolerite,  I)iaba.se,  and  Gabbro 
Dykes. 

The  granite  and  gneiss  are  almost  everywhere  intrusive  into  the 
oldest  rocks  of  the  district.  It  is  in  the  granite  that  the  tin  veins,  and 
also  the  richest  quartz  reefs,  occur.  Tlie  total  yii.'ld  of  gold  of  the 
various  mining  centres  up  to  the  end  of  1905  amounts  to  109,464  oz., 
or  an  average  of  1*71  oz.  per  t(m  of  oix\  As  to  the  future  prospects 
of  mining  in  this  district,  Mr.  Gibb  Maitland  is  confident  that,  with 
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due  regard  to  the  prevailing  geological  conditions,  it  will  continue  to 
produce  gold,  tin,  and  tantalite,  the  capabilities  of  the  field,  despite 
its  relatively  long  existence,  being  by  no  means  exhausted. 

A.  H.  F. 


VII. — New  York  State  Museum.  Johw  M.  Clark,  Director  (N.Y. 
State  Education  Department).  Bulletin  90,  Palaeontology  14  : 
Cephalopoda  op  the  Beekmantown  [Calcifeeous]  and  Chazt 
Formations  op  the  Champlain  Basins.  By  Rudolf  Ruedemann, 
Assistant  Palaeontologist.  8vo  ;  pp.  393-528,  plates  1-38. 
Albany,  1906. 

rilHE  Silurian  region  of  the  Lake  Champlain  basin  has  proved 
X  remarkably  rich  in  fossil  remains,  which  far  exceed  in  abundance 
those  collections  made  by  Professor  James  Hall  in  his  pioneer  work 
during  the  progress  of  the  Geological  Survey  of  1836-43,  chiefly  in 
the  Adirondack  region. 

The  attention  of  palseontologists  was  directed  to  the  Lake 
Champlain  basin  by  descriptions  from  the  pen  of  11.  P.  Whitfield 
of  the  rich  fauna  derived  from  the  Ueekmantown  formation  at  Fort 
Cassin,  Vermont.  This  led  to  tlie  investigation  of  the  faunas  on  the 
New  York  side  of  the  basin,  of  which  Dr.  Ruederaann's  work 
(dealing  exclusively  with  the  Cephalopoda)  is  an  important  part. 

The  author  makes  use  in  his  work  of  Hyatt^s  system  in  classifying 
his  material,  believing  that  it  embodies  a  true  expression  of  the 
natural  relationship  of  the  forms,  so  far  as  the  Nautiloid  Cephalopods 
are  involved.  The  generic  position  of  a  considerable  number  of  the 
species  are,  however,  left  undecided,  being  provisionally  placed  in 
the  genus  to  which  they  appear  to  be  most  closely  affiliated,  the 
imperfection  of  some  of  the  material  at  the  author^s  disposal  rendering 
such  a  course  unavoidable. 

After  some  remarks  upon  the  Cephalopods  described  by  E.  Billings, 
from  the  Quebec  Group  of  Newfoundland,  Quebec,  and  Philipsburg, 
of  which  about  49  species  were  described,  but  very  few  figured,  the 
author  presents  detailed  sections  of  the  Beekmantown  and  Cliazy 
Beds.  A  description  of  the  species  follows,  prefaced  by  a  brief  note 
apon  the  terminology  employed,  which  is  that  of  Hyatt,  with  some 
alterations  and  additions  proposed  by  Holm  and  others. 

The  species  ore  carefully  and^fully  described,  and  well  illustrated 
in  the  text  and  in  the  plates.  A  propos  of  the  latter  we  are  glad  to 
see  lithography  brought  into  use,  instead  of  the  cheaper  but  much 
less  satisfactory  *  process '  methods  so  often  resorted  to  for 
illustrations. 

Synoptic  tables  at  the  end  of  the  specific  descriptions  show  that 
out  of  71  species  24  are  regarded  as  new. 

The  work  concludes  with  an  interesting  summary  of  the  relations 
of  the  Cephalopod  faunas  of  the  Beekmantown  and  Chazy  formationa 
to  those  of  other  regions.     A  bibliography  and  index  are  also  added. 

A.  H.  F. 
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Geological  SocI^r^Y  op  London. 

I.— November    2l8t.    19U6.— Sir   Archibald   (Jeikie,   D.C.L.,    Sc.D., 

Sec.  U.S.,  President,  in  the  Chair. 
The  following  communications  wore  read: — 

1.  **  The  Kimeridge  Chiy  and  Corallian  Hocks  of  the  JSTeighbour- 
hood  of  Ih-ill  (Buckinghamshire).*'  By  Arthur  Morley  Davies, 
A.U.C.S..  JJ.Sc,  F.G.S. 

The  paper  contains  two  principal  divisions  : — 

(1)  An    account   of   the    section    of  Kid's   Hill,   Brill.      At   the 

summit  are    Lower    Poitlandian    sands,    not  well   exposed  ;    below 

these  comes  a  thickness  of  about  50  feet  of  Upper  Kimeridge  Clay, 

with  only  one  small  exposure  of  grey  shale  containing  black  lignite 

and  a  few  fossils.     At  the  foot  of  the  hill,  a  large  brickfield  shows 

the  following  sequence  : — 

Feet. 

8.  Grey,  creamy- weatherinjf  clay  (zone  of  Exngtfra  virgula) 4 

7.  Groy,  creamy- weathering  clavH  with  crushed  shells,  darker  and 

slightly  selenitic  towards  tlic  base         about     17^ 

0,  5,  &  4.  Two  bRuds  of  creamy  limestone,  with  marly  clay  between 

[Pictonia  cf.  Cymodocr,  Iholadomya  (Cqualu)  ...  ...  ...       4 

3.  Dark  pjey,  brown-weathering  clay,  with   occasional   phosphatic 

IlOUUIwK  •••  •••  •••  ••«  •••  •••  •••  •••  O 

2.  Black  shaly  clay,  weathering  lilac-grey  with  yellow  stains,  highly 
selenitic  (lielemnites  abbieviatiuiy  Ji,  uitidus^  Ontrea  daltoidea^ 
Gryphaa  diiatata^  Thgonia  Voltzii,  etc.)         .  .  ...  ...     14 

1.  Band  of  grey  limestone  (IWisphincfcs  dt^cipicm,  Tngoma  Juddiana) 

at  the  base. 

There  have  also  been  dug  up,  probably  from  the  selenitic  clay 
(No.  2),  doggers  composed  largely  of  Serpula  tetragona,  Sow.,  and 
Arctica  [Cyprina)  cyrenifotmis  (V),  Blako,  yielding  many  other  fossils, 
including  CardioceraH  alternans  (von  Buch)  and  IklemnitfH  nitidtu, 
Dollf.  The  possibility  of  the  selenitic  chiy  being  Ampthill  Clay  is 
discussed,  the  conclusion  being  that  only  Lower  Kimeridge  Clay  is 
exposed  in  this  sectiim. 

(2)  The  rock  of  Studley  and  Arngrove,  described  by  Phillips  as 
an  argillaceous  chert,  is  shown  to  be  mainly  composed  of  the  globate 
spicules  of  the  tetractinellid  sponge  Rhaxella.  It  has  a  much  more 
limited  extension  eastward  than  the  geological  map  would  suggest; 
but,  on  the  other  hand,  it  is  found  to  form  ])art  of  the  outcrop  of 
normal  Corallian  rocks  from  Waterperrj-  by  Stanton  St.  John  to 
Holton  Wood.  Its  exact  relation  to  the  Oxford  Clay  is  described, 
and  an  increased  li>t  of  fossils  is  recoixled  from  it. 

Pjiltpontologieal  notes  are  given  on  certain  species  of  Lamelli- 
branchia  and  Annelida,  chiefly  from  the  Lower  Kimeridge  Clay. 

2.  *'0n  the  >kull  and  greater  portion  of  the  Skeleton  of  Gonio^ 
pho/i's  crassidena  from  the  Wealden  Shales  of  Atherfield  (Isle  of 
Wight;."     By  Beginald  Hooley,  F.G.S. 

In  the  late  Autumn  of  1904,  at  a  place  locally  called  *  Tie  Pits,* 
near  Atlierfield  Point,  a  huge  mass  of  the  cliff,  comprising  many 
thousand   tons   of   the    Wealden   Shales,  subsided,  pushing   its   foot 
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across  the  beach  until  below  low- water  line.  As  the  sea  washed 
away  the  base,  the  mass  continued  to  sink,  and  fresh  horizons  were 
denuded.  In  1905  a  series  of  heavy  *  ground-seas  *  cast  up  blocks 
of  limestone  and  ironstone,  containinjj;  crocodile  bones,  which  were 
discovered  on  the  sand  between  high-  and  low-watermarks.  The 
skull  came  ashore  in  six  pieces.  Fragments  of  bones  and  scutes 
were  consbintly  picked  up;  and  the  author  is  indebted  to 
Prof.  T.  McK.  Hughes  for  the  block  which  had  been  picked  up 
and  sent  to  the  Sedgwick  Museum  at  Cambridge.  The  specimens 
were  derived  from  a  liorizon  80  to  90  feet  below  the  top  of  the 
Wealden  Shales.  A  history  of  the  British  Goniopliolida)  from  the 
foundation  of  the  genus  by  Owen  in  1841  is  given,  and  it  is  noted 
that  the  frame  in  the  Mantell  Collection,  now  in  the  British  Museum, 
Hot  only  contains  the  two  type-blocks,  but  a  smaller  one  with  the 
impression  of  the  orbital  region  of  the  skull,  a  fragment  of  the 
frontal  bone,  and  the  impression  and  fragments  of  a  moiety  of 
the  right  ramus.  The  skull  and  bones  of  the  new  specimen  are 
next  described,  and  a  detailed  comparison  is  instituted  between 
G.  simus  and  G.  craasidens,  with  the  result  that  the  specimen 
is  referred  to  the  latter  species,  differing  in  several  important 
particulars  from  the  former.  Comparisons  are  also  made  with 
other  species  of  Goniopholis^  with  JVannosuchus,  and  Oweniasuchua, 
In  conclusion,  the  author  notes  that,  while  in  certain  features  the 
species  come  nearer  to  the  Teleosaurs  than  G.  aimus,  it  is  farther 
removeil  than  the  latter  from  them  in  the  position  of  the  posterior 
nares. 


II. —December   5th,    1906.  — Sir  Archibald  Geikie,  D.C.L.,  Sc.D., 

Sec.  U.S.,  President,  in  the  Chair. 
The  following  communications  were  rend  : — 

1.  *'0n  the  Geological  Conditions  which  have  contributed  to  the 
Success  of  the  Artesian  Boring  for  Water  at  Lincoln.'*  By  Professor 
Edward  Hull,  M.A.,  LL.D.,  F.R.S.,  P.G.S. 

This  boring  has  its  source  of  supply  in  strata  which  ri«e  to  the  west, 
but  to  the  east  dip  down  towartls  the  Noith  Sea.  There  exists  no 
information  as  to  whether  the  eastern  border  of  the  wator-bearing 
formation  thins  out  against  a  concealed  ridge  of  Palaeozoic  rocks. 
The  water-yielding  stratum  is  reddish,  soft,  porous  sand-rook,  reached 
at  a  depth  of  1,561  feet  and  penetrated  to  a  depth  of  474  feet.  About 
one  million  gallons  of  water  rise  to  the  surfaee  daily.  The  saml-rock 
belongs  to  the  New  Ked  Sandstone,  which  crops  out  from  York  to 
Nottingham  with  a  breadth  of  about  eight  miles.  The  hydraulic 
pressure  at  the  bottom  of  the  boring  is  that  due  to  about  2,0^35  feet, 
and  the  friction  of  the  water  in  percolating  the  rock  accounts  foi  the 
fact  that  the  water  can  be  pumped  down  during  the  day  but  rises 
again  in  the  night.  The  formations  penetrated  are  the  following  : — 
Alluvium  and  Lower  Lias  641  feet,  Khoetic  beds  52  feet,  Ked  Alarl 
and  Lower  Keuper  Sandstone  868  feet,  Buuter  Sandstone  454  feet. 
The  quantity  of  water  drawn  from  the  New  lied  Sandstone,  at  and 
below  the  outcrop  defined,  amounts  to  not  le^s  than  20  million  gallons, 
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and  the  total  available  quantity  of  water  percolating  into  the  sandstone 
amounts  to  about  300  millions. 

2.  **  Notes  on  the  Raised  Beaches  of  Taltal  (Northern  Chile)."  By 
Oswald  Hardey  Evans,  F.G.S. 

Tho  town  of  Taltal  is  situated  partly  on  the  dry  bed  of  a  broad 
river  and  partly  on  a  gently  inclined  plain  that  fringes  the  bays  of 
the  coastal  ranges  far  to  the  northward,  and  runs  up  the  valleys  to 
a  considerable  altitude  and  distance  from  the  coast.  The  material  of 
this  plain  consists  of  sands  and  well-rounded  gravel  derived  from  the 
rocks  of  the  adjacent  hills,  mingled  with  shells  and  some  isolated 
boulders  of  considerable  size.  The  formation  is  impregnated  with 
salt,  and  there  protrude  through  it  curiously  weathered  remnants  of 
former  stacks  and  islets.  The  plain  rises  in  terraces,  the  highest  of 
which  are  somewhat  obscure,  and  sometimes  portions  of  these  higher 
terraces  are  preserved  in  the  stacks  and  islets.  A  second  coastal  shelf 
also  occurs,  marked  by  a  line  of  shallow  caveruH,  some  excavated  in 
igneous  rocks.  Some,  at  least,  of  the  shell-accumulations  associated 
with  the  plain  contain  pottery,  and  are  associated  with  Indian  kitchen- 
middens,  but  the  beds  of  shells  in  the  gravel,  containing  occasionally 
whale-bones,  give  satisfactory  evidence  of  the  marine  origin  of  the 
terraces.  Some  of  these  shells  are  replaced  by  crystallized  brine,  and 
cidcium  sulphate  occurs  in  some  sections.  Profound  ravines  {quehradas) 
occur  in  the  massive  rocks  bordering  the  plain,  although  the  climate  is 
now  so  dry  that  rain-erosion  is  practically  non-existent. 


THICKNESS  OF  LAND-ICE. 

Sir, — I  have  not  followed  the  discussion  to  which  Mr.  Lamplugh 
alludes  in  his  letter  of  November  7th,  but  I  should  be  thankful  to  be 
allowed  to  make  a  remark  upon  the  tinal  sentence,  where  he  says  that 
"  the  evidence  for  the  past  and  present  existence  of  ice  of  greater 
thickness  than  1,60(»  feet  ia  so  strong  that  physicists  who  wish  to 
apply  this  limitation  may  be  advised,  in  their  own  interest,  to  revise 
their  calculations." 

I  published  a  paper  **  On  the  Thermal  Conditions  and  Stratification 
of  the  Antarctic  Ice"  in  the  Phil.  Mag.  for  June,  1879,  in  which 
I  arrived  at  the  conclusion  that  supposing  the  surface  at  zero  Fahr., 
after  the  ice  had  accumulated  to  the  thickness  of  740  feet  (about), 
it  would  begin  to  melt  at  tho  bottom  owing  to  the  pressure  ;  but 
I  concluded  (p.  385)  that  **  No  certain  limit  can  be  iraposcKl  upon  tho 
thickness  to  which  the  ice  might  accumulate,  provided  the  snowfall  be 
more  than  sufficient  to  counterbalance  the  melting  at  the  bottom." 

I  do  not  know  who  the  ])hy8ici8ts  may  be  to  whom  reference  is 
made  in  Mr.  Lamplugh's  letter,  but  as  I  have  corresponded  with 
Professor  Schwarz  upon  this  subject  I  have  thought  it  as  well  to 
show  that  for  one  my  calculations  do  not  re(]uire  revision. 

0.  Fisher. 

Graveley,  Httntixodon. 

December  3rrf,  1906. 
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WiLUAM  Whrazbb,  B.A.  (Lond.),  F.R.S.,  F.G.S.,  Assoc.  Inst.  C. E.^ 

F.li.San.  Inst. ; 

Past  Prandant  of  the  Geological  Society,  the  Geologists*  Association,  the  Norwich 
Geologioal  Society ,  the  Hampshire  Field  Cluh,  the  Hampshire  Dterary  and 
Philoaoiphieal  SocMtjr,  the  Hertfordshire  Natural  History  Societr,  the  South- 
Etftam  TJidoii  of  Sicientific  Societies,  the  Croydon  Microscopical  and  Natural 
Hifltoiy  Chib;  of  Section  C,  British  Association,  1896;  and  of  Section  III, 
CoDgveai  of  the  Sanitary  Institnte  (twice). 

(WITH  A  PORTRAIT,  PLATE  III.) 

A  MONO  the  many  distinguished  geologists  and  men  of  science 
whom  one  has  been  accustomed  to  meet,  year  after  year,  at  the 
gatherings  of  the  Geological  Society,  the  British  Association,  and  the 
Geologists'  Association  during  the  past  forty  years,  none  has,  by  good 
tamaraderie  and  hard  work  both  in  the  field  and  study,  established 
a  better  daim  to  our  warm  personal  regard  and  esteem  than 
Ur.  Whitaker,  whose  portrait  we  present  to  our  readers  this  month. 

WiUiam  Whitaker  was  bom  at  69,  Hatton  Garden,  London,  on  the 
4th  May,  1836.  like  the  forebears  of  Professor  Prestwich  and 
Professor  John  Buskin,  Mr.  Whitakcr's  father  was  an  old-established 
wine-importer  in  Crutched  Friars. 

His  earW^  education  was  begun  in  1846  at  a  boarding-school  in 
St.  John's  Wood.  After  two  years  at  farms  in  Kent  he  was  transferred 
to  the  Grammar  School  of  St.  Albans,  on  the  Chalk,  Keading  Beds, 
and  Glacial  Drifts,  with  which  his  name  and  work,  as  a  geologist, 
were  in  after  years  to  be  so  long  and  intimately  counectcd  in  the  East 
of  England. 

From  St.  Albans  he  entered  University  College,  Gower  Street,  in 
1852,  where,  a  quarter  of  a  century  earlier,  Prestwich  had  been 
a  student.  Here  he  ultimately  devoted  himself  to  science,  beginning 
with  chemistry  and  then  studying  geology  under  Professor  Morris, 
through  whose  teaching  he  gained  much  valuable  geological  knowledge, 
to  be  applied  in  later  years  in  the  field.  He  took  his  B.A.  degree  in 
the  University  of  London,  with  honours  in  chemistry,  in  1855. 
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It  was  in  his  early  student  days  that  he  became  acquainted  with 
Professor  T.  liupert  Jones,  F.R.S.,  at  that  time  Assistant  Secretary  to 
the  Geological  Society  and  editor  of  its  Quarterly  Journal,  working 
for  some  months  as  Professor  Rupert  Jones'  volunteer  assistant* 
and  afterwards  for  a  time  he  was  engaged  as  assistant  in  the 
Museum  of  the  Society.  Here  he  developed  his  interest  in  geology 
and  bibliographical  research,  which  governed  his  career  in  after  life. 

On  the  1st  of  Apiil,  1857,  Whitaker  joined  the  English  staff 
of  the  Geological  Survey  of  the  United  Kingdom,  under  Sir  R.  I. 
Murchison,  with  Hamsay  as  Local  Director,  and  Aveline,  Bristow, 
Howell,  and  Hull  among  the  senior  officers.  He  was  at  first  engaged, 
with  Professor  E.  Hull,  T.  R.  Polwhele,  and  Hilary  Bauerman,  on  the 
geology  of  parts  of  Oxfoixlshire  and  Berkshire,  and  on  the  country 
around  Brill,  in  Buckinghamshire ;  and  later  on,  with  H.  W.  Bristow, 
on  Berkshire  and  the  northern  part  of  Hampshire.  Early  in  1859  he 
was  elected  a  Fellow  of  the  Geological  Society,  and  now  is  29th 
Fellow  in  seniority.  In  1863  Mr.  Whitaker  was  promoted  to  the 
rank  of  Geologist, 

The  writer  recalls  with  pleasure  a  week's  holiday  spent  with 
Whitaker  in  Bath,  during  the  Meeting  of  the  British  Association  in 
1864,  when  several  agreeable  evenings  were  passed  with  the  late 
William  Pengelly  (familiarly  known  at  that  time  as  Pim-gelly), 
Professor  Rupert  Jones,  Joseph  Beck,  and  some  others,  when  much 
innocent  fun  and  enjoyment  at  dinner  relieved  the  more  serious 
business  of  the  day's  scientific  proceedings.  Many  pleasant  geological 
excursions  were  also  taken  to  Frome,  the  Vallis,  to  Watchet  and 
elsewhere. 

Proceeding  on  in  his  work  he  took  up  the  original  survey  of  the 
geology  of  the  London  Basin,  particularly  the  Chalk  and  Eocene  beds 
of  the  Southern  and  Western  Tracts  from  Newburv  eastwards  into 
Sun-ey,  Southern  Bucks,  Middlesex,  Herts,  Essex,  and  Kent. 

In  his  researches,  which  extended  for  more  than  thirty  years, 
Whitaker  worked  over  ground  much  of  which  had  been  rendered 
classical  by  Prestwich's  earlier  researches,  following,  more  than  any 
other  man  had  done,  in  his  footsteps.  Speaking  of  this  period  of 
Prestwich's  work  (1841-1860),  Whitaker  remarked  **that  it  might 
well  be  called  *  the  Prestwichian  period,'  as  it  was  he  who  first 
clearly  made  out  the  structure  of  the  London  Basin  "  (Mem.  GeoL 
Surv.,  vol.  iv,  p.  395).  The  Drift  SuiTey  of  the  London  area  was 
in  1869  carried  out  mainly  under  his  guidance,  though  nominally 
under  the  superintendence  of  Mr.  liristow. 

Later  on  we  find  Whitaker  working  out  the  geology  of  Walton- 
on-the-Naze  and  Hai-wich  and  other  parts  of  the  counties  of  Essex, 
Suffolk,  and  Cambridgeshire.  Indeed,  it  may  be  said  that  the  whole 
of  p]ssex  and  Suffolk  and  parts  of  West  Norfolk  and  Cambridgeshire 
were  surveyed  by  him,  with  the  aid  of  colleagues  who  worked  under 
his  direction. 

A  inong  those  who,  at  various  times,  worked  under  his  superintendence 
were  Richard  Trench,  H.  B.  Woodward,  W.  H.  Penning,  W.  H. 
Dalton,  Thomas  Adams,  F.  J.  Bennett,  W.  A.  E.  Ussher,  J.  H.  Blake, 
A.  C.  G.  Cameron,  C.  E.  Hawkins,  8.  B.  J.  Skertchly,  Clement  Reid, 
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and  A.' J.  Jukes-Browno.  Although  for  many  years  he  thus  Buperin- 
tended  the  work  of  others,  it  was  not  until  1882  that  he  was  appointed 
District  Surveyor,  a  post  which  he  hold  until  he  retire*!  from  the 
public  service  on  October  22nd,  1 896.  During  the  later  yeai-s  of  his 
official  carcf^r  he  was  stationed  at  Southampton,  and  surveyed  some 
portions  of  South  Hampshire,  while  at  the  same  time  he  was  superin- 
tending the  re-surveys  in  progress  in  no  less  than  seven  other  counties, 
Be<lford,  Berks,  Bucks,  Dorset,  Northants,  Oxford,  and  Wilts. 

It  is  on  record  among  the  anecdotage  of  the  Survey  hammerers, 
that  upon  one  occasion  Murchison  (observing  the  exemplaiy  industry 
and  excellence  of  Whitaker^s  work  in  the  field)  said  to  his  lieutenant, 
Professor  (afterwards  Sir)  A.  C.  liamsay,  **  Don't  you  think,  llamsay, 
that  Whitaker  has  worked  long  enough  in  the  Eastern  Counties, 
where  he  gets  nothing  but  soft  squashy  materials,  and  no  good  haixl 
rocks  to  hammer?  We  might  send  him  to  the  North  or  West,  and  give 
him  some  decent  solid  geology  instead  of  this  interminable  Chalk, 
London  Clay,  and  Drift'* ;  to  which  Ramsay  replied,  **  But,  Sir  lloderick, 
I  assure  you  Whitaker  liket  to  work  where  he  is,^^  **  If  that  is  really 
the  case,"  said  Sir  Roderick,  **  pray  let  him  stay  there,  but  I  am  sorry 
for  him  all  the  same."  And  he  stayed  there  and  did  very  excellent 
geological  work  for  very  many  more  years. 

Whitaker  was  early  in  the  field  as  an  ardent  student  of  subnerial 
denudation,  and  communicated  an  excellent  paper  on  **  Cliffs  and 
Escarpments  of  the  Clialk  and  Tertiary  Strata  "  to  the  Geological 
Society  on  May  8th,  1867  ;  the  full  text  of  which,  not  being  regarded 
apparently  as  suitable  for  the  Quarterly  Journal,  appeared  in  the 
Gf.olooical  ICagazine  in  that  year,  p.  447,  and  Part  li,  p.  483.  It  is 
now  regarded  as  a  geological  classic* 

As  a  corollary  to  Mr.  Whitaker's  geological  labours  in  maps  and 
memoirs,  which  by  a  reference  to  the  annexed  list  of  his  published 
works  will  be  seen  to  be  very  extensive,  ho  has  always  had  a  strong 
passion  for  bibliographical  research  and  the  making  of  lists  of 
references  to  the  labours  of  all  previous  writers  in  whatever  branch 
of  geology  upon  which  he,  or  his  friends  and  colleagues,  were 
specially  engaged.  One  of  his  activities  in  this  direction  led  him  to 
^t  a  **  Geological  Record,*'  which,  owing  in  pait  to  the  arduous 
nature  of  his  other  work,  but  perhaps  in  larger  measure  owing  to  the 
shortcomings  of  some  of  those  who  hud  promised  to  help  and  failed  to 
produce  their  MSS.  when  required,  he  was  compelled  at  length  to 
relinquish,  after  carrying  it  on  for  six  years. 

Another  subject  to  which  he  has  devoted  ranch  attention  has  been 
the  accumulation  of  evidence  connected  with  the  sinking  of  wells, 
believing,  like  the  ancients,  that  by  seeking  diligently  in  these  places 
be  would  in  time  arrive  at  the  home  of  Truth. 

He  retired  from  the  Geological  Survey  in  October,  1896,  and  has 
since  resided  at  3,  Campden  Road,  Croydon.  He  has  been  for  more 
than  thirty  years  one  of  the  leading  authorities  upon  questions  of 

'  See  the  very  high  commendation  of  this  memoir  by  Charles  Darwin  in  his  work 
on  *'The  formation  of  Vegetable  Mould  through  the  action  of  Earthworms,"  8to, 
1883  ed.,  p,  234  (Murray). 
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water-supply  for  townB  and  public  buildings,  principally  in  the 
eastern  and  south-eastern  counties  of  England.  He  has  also  reported 
on  the  Kent  coal  borings. 

No  man  has  been  more  assiduous  in  helping  others  individually  or 
by  taking  part  in  the  ordinary  meetings^  councils,  and  committees  of 
various  learned  societies  and  field  clubs.  As  a  director  of  excursions 
he  has  ever  proved  a  popular,  a  ready,  and  most  able  guide,  as  may 
be  gathered  from  the  Proceedings  of  the  Geologists'  Association  in 
particular.  Becognition  of  his  services  has  been  frequently  shown  by 
his  election  to  Presidential  chairs,  an  honour  not  without  attendant 
labour,  if  we  may  judge  from  the  record  of  his  addresses.  Other 
recognitions  have  been  given  in  the  awards  by  the  Council  of  the 
Geological  Society  in  1886  of  the  Murchison  Medal,  and  in  1906  of 
the  singularly  appropriate  Prestwich  Medal,  which,  as  the  President 
of  the  Geological  Society  TDr.  J.  E.  Marr)  said,  had  been  awarded 
'*  as  an  acknowledgment  of  the  value  of  your  researches  amoug  the 
Tertiary  strata  of  the  London  and  Hampshire  Basins  ....  which 
were  advanced  in  a  high  degree  by  the  founder  of  the  medal.  You 
have  also  followed  in  the  footsteps  of  Prestwich  in  matters  of  economic 
geology — the  question  of  water  supply  and  the  study  of  underground 
geology — for  which  you,  the  recipient  of  the  medal,  like  its  founder, 
have  done  so  much." 

Twenty  years  earlier,  in  1886  (when  awarding  Mr.  Whitaker  the 
Murchison  Medal),  Professor  Bonney  said:  ''Your  papers  on  the 
western  end  of  the  London  Basin  and  on  the  Lower  London  Tertiaries 
of  Kent  deserve  to  be  ranked  with  the  classic  memoirs  of  Prestwich 
OS  elucidating  the  geology  of  what  I  may  call  the  Home  District." 

Mr.  Whitaker  claims  one  negative  virtue,  he  does  not  smoke ;  and 
one  positive  virtue,  he  walks. 

The  following  is  a  list  of  Mr.  Whitaker's  published  papers : — 

1.  Fapert  publithed  in  the  Gbological  Maoazinb. 

1864.    **  On  some  Eyidenoe  of  there  being  a  Keyersal  of  the  Beds  near  Whitecliff 
Bay,  Isle  of  Wight "  :  vol.  i,  pp.  69-71. 
*'  On  the  Cliffs  at  Folkestone" :  ibid.,  pp.  212-215. 
1867.     *'  On  Subaerial  Denudation,  and  on  Clins  and  Escarpments  of  the  Chalk  and 
Lower  Tertiary  Beds  *' :  toI.  iv,  pp.  447-454,  483-493.     Reprinted, 
with  small  additions,  8vo,  Hertford,  pp.  28.     See  also  vol.  t,  pp.  46-47. 
1869.     (With  H.  W.  Bbutow.)    '*  On  the  Formation  of  the  Chesil  Bank,  Dorset  '* : 
Tol.  yi,  pp.  433-438,  pi.  xv.     See  also  pp.  674-675. 
'*  On  a  Raised  Beach  at  Portland  Bill,  Dorset  *' :  ibid.,  pp.  43S-440. 
**  On  the  Connection  of  the  Geoloncal  Stnictore  and  the  Physical  Features 
of  the  South-East  of  England  with  the  Consumption  Death-rate*': 
ibid.,  pp.  499-605. 

1871.  **  On  the  Chalk  of  the  Cliffs  from  Seaford  to  Eastbourne,  Sussex  *' :  toI.  viii, 

pp.  198-200. 

1872.  ''On  the  Occurrence  of  the  'Chalk  Rock*  near  Salisbury":    rol.  ix, 

pp.  427-428.      Reprinted   from    Mag.  Wilts.  Archieol.  N.H.   Soc., 
vol.  xiii  (1871),  pp.  92-93. 

1873.  "  Remarks  on  the  Section  at  Shaw  Clay  Pit  '* :  vol.  x,  pp.  142-143.    Printed 

in  advance  of  Trans.  Newbury  District  Field  Club,  vol.  ii  (1878),  pp^-6. 
1886.     "On  a  Recent  Legal  Decision  of  Importance  in  Connection  with  Water 
Supply  from  Wells*' :  dec.  m,  vol.  iii,  pp.  111-114.    Reprinted  from 
Trans.  San.  Inst.,  vol.  vii. 
"  On  the  Waterworks  at  Goldstone  Bottom,  Brighton"  :  ibid.,  pp.  159-161.' 
(Abstract,  on  p.  32,  alone  referred  to  in  Index.) 
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1890.     "  Coal  in  the  South-East  of  England  *' :  dec.  ni,  rol.  yii,  pp.  ia-14. 

**  Sfifmetions  on  Sites  for  Coal-search  in  the  South-East  of  England " : 

ibm.,  pp.  614-515.     Reprinted,  with  a  little  difference,  from  Brighton 

and  County  Mag.,  pp.  170-172. 
1904.     «  On  a  Great  Depth  of  Drift  in  the  Valley  of  the  Stour  "  :  dec.  t,  toI.  i, 

p.  511 ;  and  £ep.  Brit.  Abboc.  for  1904,  pp.  343-344  (1905). 

2.  Oeologieal  Survey  Publieationt, 

(«)  List  of  Sheets  of  the  Map  of  the  Geological  Survey  prepared  by  or  partly  by 
Mr.  Whitaker:  1  (N.W.,  S.W.,  S.E.),  3,  6,  7.  8,  12.  13,  14,  45  (S.E.), 
46  fN.W..  N.E..  S.W.,  S.E.),  47.  48  (N.W.,  N.E.,  S.E.),  49  (N.,  S.),  60 
(N.£.,  S.W.),  65,  69;  besides  superintending  the  surrey  of  several  others.  And 
of  the  New  Series,  Sheets  299,  316,  316 ;  besides  superintending  the  re-survey 
of  others. 

{h)  Sheets  of  the  Horizontal  Sections  :  56,  73,  74,  79,  84,  120,  125. 

(e)  Memoirs. 

1861.  (With  E.  Hull.)     •*  The  Geology  of  Parts  of  Oxfordshire  and  Berkshire.*' 

1862.  (With  H.  W.  Bristow.)     •*  The  Geology  of  Parts  of  Berkshire  and  Hamp- 

shire  **  (small  part). 
1864.     "  The  Geology  of  Parts  of  Middlesex,   Hertfordshire,    Buckinghamshire, 

Berkshire,  and  Surrey.*' 
(With  A.  H.  Grbbn.)     '*The  Geology  of  the  Country  round   Banbury, 

Woodstock,  Bicester,  and  Buckingham'*  (small  part). 
1872.     **The  Geology  of  the  London  Basin    .     .     .    The  Chalk  and  the  Eocene 

Beds  of  ^e  Southern  and  Western  Tracts.*' 

1875.  *'  Listof  Books,  Papers,  etc.,  in  the  Geology  of  Rutland,  etc."  :  pp.  294-301. 
'*  Guide  to  the  Geology  of  London  and  tne  Neighbourhood.**    2  editions ; 

others  in  1880,  1884,  1889,  1901. 

1876.  (With  H.  B.  Woodward.)     **  Chronological  List  of  Books,  Papers,  etc.,  on 

the  Geology,  Mineralogy,  PalsBontology,  etc.,  of  Gloucestershire  and 
Somersetshire  ** :  pp.  2l'6-266  of  *'  Geology  of  East  Somerset  and  the 
Bristol  Coalfields.*^ 

1877.  **  The  Geology  of  the  Eastern  End  of  Essex  **  (Walton  Naze  and  Harwich). 

1878.  (With  W.  H.  Pbnnino  and  others.)    *'  The  Geology  of  the  North- West  Part 

of  Essex  and  the  North- East  Part  of  Herts     ..." 

1880.  **  The  Geology  of  the  Neighbourhood  of  Colchester  *'  (small  part). 

1881.  **  Lwt  of  Works  on  the  Geology  of  Cambridgeshire  *  * :  pp.  170-       of  '*  The 

Geology  of  the  Neighbourhood  of  Cambridge.'* 

(With  F.  J.  Ben.vett  and  J.  H.  Blake.)  **  The  Geology  of  the  Neigh- 
bourhood of  Stowmarket." 

(With  H.   B.   Woodward.)     ^'List  of  Papers,  etc.,  on  the  Geology  of 
Norfolk":    pp.   171-204   of   "The  Geology  of    the   Country  around 
Norwich.** 
1886.     **  The  Geology  of  the  Country  around  Ipswich,  Hadleigh,  and  Felixstow.** 

**List  of  Works  on  the  Geology,  etc.,  of  Denbisjhshire  and  Flintshire": 
pp.  59-73  of  *'  The  Geology  of  the  Coasts  adjoining  Rhyl,  Abergele,  and 
Colwyn.*' 

(With  W  .  H.  Dalton.)  **  Chronological  List  of  Books  and  Papers  relating 
to  the  Geology  of  Lincolnshire  and  Eaat  Nottinghamshire  '* :  pp.  164-176 
of  *♦  The  Geology  of  the  South- West  Part  of  Lincolnshire     .     .     ." 

1886.  (With  W.  H.  Dalton.)     »*  The  Geology  of  the  Country  around  Aldborough, 

Franilingham,  Oxford,  and  Woodbri^ge.'* 
(With  F.  J.  Bexnett  and  J.  H.  Blaxe.)     ''The  Geology  of  the  Country 
between  and  south  of  Bun'  St.  Edmunds  and  Newmarket." 

1887.  (With  W.  H.  Dalton.)     "  the  Geology  of  the  Country  around  Halesworth 

and  Harleston.'* 
•*  List  of  Works  on  the  Geology,  Mining,  Mineralogy,  and  Palaeontology  of 

Derbyshire'*:    pp.    185-202    of    "The    Geology    of    .     .     .     North 

Derbyshire.** 
•*  The  Geology  of  Southwold  and  of  the  Suffolk  Coa-st  from  Dunwich  to 

Coyehithe." 
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1889.    **  The  Geolo^  of  London  and  of  Part  of  the  Thames  Valley."    2  rols. 
1891.     (With  H.   B.   Woodwabd    and    others.)      "The    Geology  of    Parts    of 

Camhridgeshire  and  of  Suffolk." 
1893.     (With  S.  B.  J.  Skbrtchly  and  others.)     **  The  Geology  of  South- Western 

Norfolk  and  of  Northern  Cambridgeshire." 

1898.  (With  A.  Strahan.)     **  List  of  Books,  Papers,  Maps,  etc.,  on  the  Geology, 

Mineralogy,  and   Paltpontnlogy  of   Dorset":    pp.   241-268   of   **The 
Geology  of  the  Isle  of  Puri)eck." 

1899.  (With  A.J.  Jukes- Browne.)    •*  The  Geology  of  the  borders  of  the  Wash." 
(With  C .  Rbid.)    *  *  The  Water  Supply  of  Sussex  from  Underground  Sources." 

1902.     **The  Water  Supply  of  Berkshire  from  Underground  Sources,"  by  J.  H. 
Blake  (contributions  to). 
**The  Geology  of  the  Country  around  Southampton,"  by  C.  Rbid  (con- 
tributions to). 

1904.     "The  Water  Supply  of  Lincolnshire  from  Underground  Sources"   (con- 
tributions to). 

1906.    •*  The  Water  Supply  of  Suffolk  from  Underground  Sources." 

3.  Papers  published  in  the  Quarterly  Journal  of  the  Geological  Society  of  London, 

1861.  **  On  the*  Chalk  Rock,' the  Topmost  Bed  of  the  Lower  Chalk    .     .     .     ": 

Tol.  xvii,  pp.  166-170. 
*'  On  a  Reconstructed  Bed  on  the  Top  of  the  Chalk  and  Underlying  the 
Woolwich  and  Reading  Beds  "  :  ibid.,  pp.  527-528. 

1862.  **  On  the  Western  End  of  the  London  Basin  ;  on  the  Westerly  Thinning  of 

the  Lower  Eocene  Beds  in  that  Basin ;  and  on  the  Greywethcrs  of  Wilt- 
shire "  :  vol.  xviii.pp.  268-274. 

1865.  **  On  the  Chalk  of  the  Isle  of  Thanet"  :  vol.  xxi.  pp.  395-398. 

**  On  the  Chalk  of  Buckinghamshire,  aud  on  the  Tuttemhoe  Stone"  :  ibid., 

pp.  398-400. 
"  On  the  Chalk  of  the  Isle  of  Wight "  :  ibid.,  pp.  400-406. 

1866.  **0n  the  *  Lower  London  Tertiiuies'  of  Kent    :   vol.  xxii,  pp.  404-435, 

pi.  xxii. 
1869.     **  On  the  Succession  of  Beds  in  the  *  New  Red '  on  the  South  Coast  of  Devon 
and  on  the  Locality  of  a  New  Specimen  of  Hyptrodapedon  "  :  vol.  xxv, 
pp.  152-158. 
1871.     *'  On  the  Chalk  of  the  Southern  Part  of  Dorset  and  Devon  "  :  vol.  xxvii, 
pp.  93-100. 
**0n  the  Cliff- Sections  of  the  Tertiary  Beds  west  of  Dieppe  in  Normandy, 

and  at  Newhaven  in  Sussex"  :  ibia.,  pp.  263-268. 
*'  On  the  Occurrence  of  Thanet  Beds  and  of  Cnur  at 


1874.     **  On  the  Occurrence  of  Thanet  Beds  and  of  Crag  at  Sudbury,  Suffolk  "  : 

vol.  XXX.  pp.  401-405. 
1877.     **  Note  on  the  Red  Crag  "  :  vol.  xxxiii,  pp.  122-125. 


vol.  XXX.  pp.  401-405. 

Red  Crag  "  :  vol.  xxxui,  pp.  vrivi 
1884.     "Introductory  Notes  on  the  Eocene  Beds."     In  Lieut. -Colonel  Godwik- 


Au8TEN*8  paper  **  On  the  New  Railway-Cutting  at  Guildford  "  :  vol.  xl, 
pp.  699-600. 

1886.  **  On  some  Boring  in  Kent:  A  Contribution  to  the  Deep-seated  Geology  of 

the  London  Basin  "  :  vol.  xlii,  pp.  26-48,  pi.  iii. 

1887.  *'  Further  Notes  on  the  Results  of  some  Deep  borings  in  Kent  "  :  vol.  xliii, 

pp.  197-205. 

1888.  [**0n  Specimens  from  the  Deep  Boring  at  Streatham"]:  Proc.  Geol.  Soc., 

No.  528,  pp.  9-10,  and  No.  629,  p.  23. 
1890.     **  On  a  Deep  Channel  of  Drift  in  the  Valley  of  the  Cam,  Essex  "  :  vol.  xlvi, 


pp.  333-340. 

h  A.  J.  Jukes- Browne.)    **  On  Deep  Borings  at  Culford  and  Winkfield, 
with  Notes  on  those  at  Ware  and  Cheshunt     :  vol.  l,  pp.  488-514. 


1894.     (With  A.  J.  Jukes 


1899.  Anniversary  Address  of  the  President  (**  Geology  in  reference  to  Water 

Supply,  etc.,"  pp.  Ixix-lxxxiii) :  vol.  Iv,  p.  liu. 

1900.  Anniversary  Address  of  the  President  ('*  Underground  Geology,"  pp.  bdx- 

Ixxxvii):  vol.  Ivi,  pp.  li-lxxxviii. 
1903.     *'  On  some  Well-Sections  in  Suffolk  " :  vol.  lix,  pp.  38-60. 
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4.   Papert  published  in  the  Froceedinffs  of  the  Oenlogitts*  Ateoeuitum, 

1878.     *•  Excursion  to   the   North  Downa,    Surrey":    vol.   v,  no.  8  (P1879), 

pp.  496-497. 
1880.     "  Excursion  to  Upnor  "  :  vol.  vi.  no.  7,  pp.  336-337. 
1883.     *«The  Geology  of  the  District  [to  be]  visited  during   the  Whitsuntide 

Excursion  and  Excursion  to  Hunstanton  ** :  vol.  viii,  pp.  124,  132-141. 

1886.  ''Excursion  to  Canterbury,  Reculvers,  Pegpvell  Bay,  ana  Bichborough " : 

vol.  ix.  no.  4,  pp.  168-177. 

1887.  *'  Excursion  to  Sidisbury  and  Stonehenge  "  :  vol.  ix,  no.  8«  pp.  622,  631. 

1888.  ''Easter  Excursion,  1887   [Bognor,  etc.,  and]   Preliminary  Excursion  to 

Southampton  *' :  vol.  x,  no.  4,  pp.  132-141. 
"  Excursion  to  Sudbury,  Suffolk  "  :  ibid.,  pp.  187-191. 

1889.  "Whitauntide    Excursion    to    the    Crag    District'*:     vol.    xi,    no.    6, 

pp.  Ixviii-lxxii. 

1901.  "  Twelve  Years    of    London    Geology    (General,    Recent,   and   Drift)  '* : 

Presidential  Address,  vol.  xvii,  pt.  2,  pp.  81-109. 

1902.  "  A  Dozen  Years  of  London  Geology  (Eocene,  Chalk,  and  Underground)  '* : 

Presidential  Address,  vol.  xvii,  pt.  6,  pp.  342-364. 
(With  0.  A.  Shkubsole.)     "Excursion  to  Reading":   ibid.,  pts.  7,  8, 

pp.  381-383. 
(With  C.  Bird.)    "  Excursion  to  Frindsbury  and  Upnor  " :  ibid.,  pts.  9, 10, 

pp.  397-398. 


1904. 
1906. 


** Excursion  to  the  Croydon  Bourne"  :  vol.  xviii,  pt.  7,  pp.  388-389. 
"  Excursion  to  Battle  and  Netherfield  '* :  vol.  xix,  pt.  10,  pp.  449-461. 


5.  Papers  on  Wells  {by  Counties)  other  than  those  in  the  Geological  Surpey  Memoirs, 

1885.  •'Some  Hertfordshire  Well-Sections":   Trans.  Herts.  N.H.  Soc.,  vol.  iii, 

pt.  5,  pp.  173-180. 

1886.  "  Some  Surrey  Wells  and  their  Teachings:  with  sections  of  Wells  and  Deep 

Borings  in  the  Surrey  Part  of  the  London  Basin  *' :    Trans.  Croydon 
Micr.  X.H.  Club,  vol.  iii,  pp.  43-69. 
"Some  Ekhcx  Wei  1- Sections  " :    Trans.  Essex  Field  Club,  vol.   iv,  pt.  2, 
pp.  149-170. 

1889.  "  Hampshire  Well-Sections  "  :  Papers  Hants.  Field  Club,  No.  iii,  pp.  17-36. 
"Some  E'isex  Well -Sections*'  (part  ii)  :  Essex  Nat.,  vol.  iii,  pp.  44-54. 

1890.  **  Some  Uerttordshire  Well-Sections '*  (second  paper) :  Trans.  Herts.  N.H, 

Soc,  vol.  vi,  pt.  2,  pp.  53  64. 

1892.  "  Some  E&sex  Well-Sections''  (part  iii) :  Essex  Nat.,  vol.  vi,  pp.  47-60. 

1893.  (With  H.  B.  Woodwakd  )    ''Notes  of  some  Somerset  Wells  "  :  Proc.  Bath 

N.H.  Antiq.  Field  Club,  vol.  vii.  No.  4,  pp.  340-345. 
1895.     "  Some  Suffolk  Well-Sections  "  :  Rep.  Brit.  Ahhoc,  pp.  436-440. 

*•  Some  Surrey  Wells  "  (second  paper) :   Trans.  Croydon  Micr.  N.H.  Club, 

vol.  iv,  pp'.  132-150. 
1806.     "  Some  Essex  Well -Sections  '*  (part  iv),  with  some  Water- Analyses  :    Essex 

Nat.,  vol.  ix,  pp.  167-190. 

1897.  "Some  Yorkshire  Well -Sections '*  :    Proc.  Yorksh.  Geol.   Soc,  vol.   xiii, 

pt.  2,  pp.  192-198. 

1898.  "  Si»me  Middlesex  Well-Sections  *' :  Trans.  Brit.  Assoc.  Water  Eng.,  vol.  ii, 

pp.  76-109. 
"Hampshire  Well- Sections  "  (second  paper):   Papers  Hants.  Field  Club, 
vol.  iv,  pt.  1,  pp.  21-45. 

1901.  "  Kentish  Well-Sections  in  the  Rochester  District*' :   Rochester  Naturalist, 

vol.  iii,  pp.  23-27,  38-41.  55-62. 
"  Some  Surrey  Wells  "  (third  paper) :   Trans.  Croydon  Micr.  N.H.  Club, 
vol.  V,  pp.  30-50. 

1902.  "  Kentish  Wells  and  Deep  Borings  in  the  Neighbourhood  of  Canterbury  '* : 

S.E.  Natunilist,  pp.  47-60. 
1905.     **  Well- Sections    m    Cambridgeshire":     Rep.    Brit.    Assoc,    for    1904, 
pp.  266-271. 
"  Some  Surrey  Wells  "  (fourth  paper) :   Trans.  Croydon  Micr.  N.H.  Soc., 
vol.  vi,  pp.  71-85. 
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6.  Biblio^aphieif  other  than  thone  m  Oeologieal  Survey  Memoirt. 

1870-2.  ''list  of  Works  on  the  Geology,  Mineralogy,  and  PalcDontolog^  of 
DeYonshire'*:  Trans.  Devon.  Assoc.,  pp.  330-352;  Supplementaiy 
List,  Yol.  ▼,  p^.  404-415. 

1871.  "Chronological  List  of  Books,  Papers,  etc.,  hy  J.  Beete  Jukes**:  in  his 
*'  liOtteis  '*  hy  his  sister,  pp.  591-596. 

1873.  "List  of  Works  on  the  Geology,  Mineralogy,  and  Palfeontology  of  the 

Hampshire  Basin  ** :  Joum.  Winchester  Sci.  Lit.  Soc.,  pp.  108-127. 
''List  of  Books,  Papers,  Maps,  etc.,  on  the  Greology,  Mineralogy,  and 

Palaeontology  of  Wiltshire  '* :  Mag.  Wilts.  Archieol.  N.H.  Soc.,  pp.  14. 
"  List  of  Works  on  the  Geology  of  Cambridgeshire  ** :  Woodwardian  Museum, 

Cambridge,  Byo,  pp.  15. 

1874.  "List  of  Books,   Papers,  Maps,  etc.,  on  the  Geology,  Mineralogy,  and 

PalsDontology  of  Warwickshire  '* :  Bep.  Rugby  School  N.H.  Soc.  for 
1873,  pp.  66-76. 

1 875.  ' '  List  of  Works  on  the  Geolopr,  Mineralogy,  and  Paleontology  of  Cornwall ' ' : 

Joum.  R.  Inst.  Cornwall,  No.  xvi,  pp.  61-110. 

1876.  "  List  of  Works  on  the  Geology  of  Hertfordshire  *' :  Trans.  Watford  N.H. 

Soc.,  vol.  i,  pt.  3,  pp.  78-82. 
' '  List  of  Works  on  the  Uoology,  Mineralogy,  and  PalaK>ntology  of  Cheshire  * ' : 
Proc.  Liverpool  Geol.  8m.,  1875-6,  pp.  127-147. 

1880.  "  List  of  Works  on  the  Geology,  MinaiUogy,  and  Palaeontology  of  Wales  ** 
(to  the  end  of  1873) :  Rep.  Brit.  Assoc,  for  1880,  pp.  397-436. 

1883.     "List  of  Works  on  the  Geology  and    Palsefmtology  of  Oxfordshire,   of 
Berkshire,   and  of  Buckinghamshire " :    Rep.   Brit.  Assoc,   for  1882, 
pp.  327-347. 
"  A  List  of  Works  relating  to  the  Geology  of  Cumberland  and  Westmore- 
land" :  Trans.  Cumbemnd  Assoc.,  pt.  vii,  pp.  13-39. 

1886.     "  Chronological  List  of  Works  on  the  Coast-Changes  and  Shore- Deposits  of 
England  and  Wales** :  Rep.  Brit.  Assoc,  for  1885,  pp.  442-465.    Index 
of  authors  and  places  added  in  separate  copies. 
* '  List  of  Works  on  the  Geology,  Mineralogy,  and  Palaeontology  of  Stafford- 
shire, Worcestershire,  and  Warwickshire  ** :  ibid.,  pp.  780-813. 

1888.  "  Chronoloncal  List  of  Works  referring  to  Underground  Water,  England 

and  Wales** :  Rep.  Brit.  Assoc,  for  1K87,  pp.  384-414. 

1889.  (With  W.  W.  Watts.)     "  List  of  Works  on  the  Geolog}',  Mineralogy,  and 

Palaeontology  of  Shropshire  ** :  Trans.  Shropsh.  Archaeol.  N.H.  Soc, 
vol.  xiijpt.  1,  pp.  33-62. 

(With  W.  n.  Dia.T0N.)     "  List  of  Works  on  the  Geology,  etc.,  of  Essex  *' : 
Essex  Nat.,  vol.  iii,  pp.  61-84. 
1895.     "Second  Chronological  List  of  Works  on  the  Coast-Changes  and  Shore- 
Deposits  of  England  and  Wales  ** :  Rep.  Brit.  Assoc,  pp.  388-392. 

"Second  Chronolo^cal  List  of  Works  referring  to  Unaerground  Water, 
England  and  Wales** :  ibid.,  pp.  391-402. 

7.   Variotu  Papertf  etc,  in  various  publications. 

1860.     "  Geolojry  of  Reading  '* :  Geologi«t,  vol.  iii,  pp.  390-391. 
1864.     "  The  Tertiary  Beds  of  Kent  '* :  Geologist,  vol.  vii,  pp.  57-62. 

1867.  "Note  on  the  Surface- Geology  of  London":   Appendix  to  Report  of  the 

Medical  Officer  of  the  Privy  Council,  pp.  346-366,  8vo,  London. 

1868.  "  The  Geology  in  the  Report  by  Dr.  Buchanan  on  the  Distribution  of  Phthisis 

as  affectra  by  Dampness  of' Soil  "  :  Tenth  Report  of  the  Medical  Officer 
of  the  Privy  Council,  pp.  57,  etc.,  8vo,  London. 

1877.  "Some  Questions  relating  to  the  Water  Supply  of  L<mdon  ** :   Soc.  Med. 

Off.  Health,  Ann.  Rep.,  1876-7,  pp.  19-21. 
"  The  Well-Section  at  Holkham  Hall,  Norfolk  ** :  Trans.  Norwich  Geol. 
Soc,  pt.  i,  pp.  16-18. 

1880.  "The  Geologj-  of  the  Thames  Valley*':   Dickens's  "Dictionary  of  the 

Thames,'*  pp.  68-72,  I^ndon. 

1881.  "  Well- Section  at  Stonehouse,  Plymouth**:  Trans.  Devon.  Assoc,  vol.  xiii, 
p.  298. 
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*•  Geoloej  of  the  District "  :  Lynn  Advertiser,  Oct.  29. 

18S3.  "  On  Thinzs  in  general  and  the  Red  Chalk  in  particular  "  (Presidential 
Address) :  Proc.  Norwich  Geol.  Soc,  pt.  vii,  pp.  207-236.  The  greater 
part  also  in  Gbol.  Mao.,  dec.  ii,  vol.  x,  pp.  22-33. 

1884.  '*  On  the  Probable  Occurrence  of  Tottemhoe  Stone  near  Roydon,  Norfolk  "  : 
Proc.  Norwich  Geol.  Soc,  pt.  viii,  p.  2^8. 

•  *  Note  on  the  Deep  Well  at  the  Carrow  Works,  Norwich  (Messrs.  Colman's) " : 

ibid.,  pp.  250-251. 
•*  The  Worlc  of  the  Year  as  r^rds  Norfolk. — Some  Geological  Conditions 
affecting  the  Question  of  Water  Supply  from  the  Chalk     .     .     .     *' : 

•  Proc.  Norwich  Geol.  Soc.,  ^t.  viii,  pp.  277-294.     The  chief  part  also  in 
GsoL.  Mag.,  dec.  iii,  vol.  i,  pp.  23-29. 

'*  On  the  Area  of  Chalk  as  a  Source  of  Water  Supply"  :  Health  Exhibition 
Literature,  vol.  viii,  pp.  364-373,  596-597  ;  and  Joum.  Soc.  Arts, 
▼ol.  xxjdi,  no.  1,653,  pp.  847-851.  See  also  Rep.  Brit.  Assoc,  for 
1884,  pp.  731,896  (1885),  or  Geol.  Mao.,  dec.  in,  vol.  i,  pp.  468-469. 
1887.  **  Ne  Sutor  ultra  Crepidam"  (Address  to  Section  III) :  Trans.  San.  Inst., 
vol.  viii. 

1889.  *'  On  the  Extension  of  the  Bath  Oolite  under  London,  as  shown  by  a  Deep 

Boring  at  Streatham*':  Rep.  Brit.  Assoc,  for  1888,  pp.  656-657. 

1890.  *'Coal  in  the  South-East  of  Eugland":    Journ.  Soc.  Arts,  vol.  xxxviii, 

no.  1,953,  pp.  543-557. 
1893.     **  On  Maps  showing  the  Area  of  Chalk  available  for  Water  Supply  in  the 

London  Basin*' :  Trans.  San.  Inst.,  vol.  xiii,  pp.  243-253. 
**  Local  Geology  from  a  Sanitary  Standpoint  '* :  ibid.,  pp.  266-271. 
Royal  CommisAion  on  Metropolitan   Water  Supply.     Appendices:    (C.  48) 

** Statement  [on  the  Chalk  as  a  Source  of  Water  Supply]"  ;   (C.  49) 

'* Memorandum  on  Swallow-holes  in  the  Chalk  of  the  Thames  Basin"  ; 

[C.  50)  **  On  the  Chalk  of  the  Tendon  Basin  *'  (reprinted  in  Geol.  Mao., 
ec.  IV,  vol.  ii  (1895),  pp.  360-366)  ;  (C.  51)  **  On  the  Water  (chiefly 

from  the  Chalk)  in  Northern  Kent."     Fol.  ;  pp.  429-439.     lx)ndon. 
1895.     **  A  Sketch  of  the  Geology  of  Southampton"  :  pp.  63-66  of  the  21st  Ann. 

Rep.  of  the  Medical  Officer  of  Health. 
**  Underground   in   Suffolk   and   its   Borders"   (Address  to   the  Geological 

Section) :  Rep.  Brit.  Assoc.,  pp  666-675.     Almost  the  whole  in  Geol. 

Mao  ,  dec.  iv,  vol.  ii,  pp.  461-471. 
«*  The  Trial-Boring  at  Stutton  "  :  ibid.,  p.  693. 
1897.     **Tria  Juncta  in  tJno"  (Address,  Section  III) :  Journ.  San.  Inst.,  vol.  xviii, 

pt.  3,  304-316. 
**  Memorandum  on  the  Geology  of  the  Neighbourhood  of  Ilavant  in  connection 

with  the  Water  Supply  of  Portsmouth  "  :    pp.   18-22  and  2  plates  of 

Dr.  T.  Thomscm^s  *'  lleport  to  the   Local  Government  Board   on  the 

Conditions,   Topographical,    Geological,   and   Sanitary,    of  the  Havant 

Districts   (Urban  and   Rural)  in   their  RelationH   with  Sources  of  the 

Borough  of  Portsmouth  Company's  Water  Supply."     Fol.     London. 
1808.     Address:    "Chalk  Water  in  Herttordshire "  :    Trans.   Herts.  N.H.  Soc, 

vol.  X,  pt.  1,  pp.  1-13. 

1899.  Address:    *' Geological  and  other  Work  in  Hertfordshire  "  :   Trans.  Herts. 

N.H.  Soc,  vol.  X,  pt.  4,  pp.  10'>-118. 
*•  On   a   Drift    Deposit   at    Carshalton,    and    on    Sections  shown    by    the 

Cuttings   for   Sewers":    Trans.    Crovdon   Micr.    N.H.    Club,  vol.  iv, 

pp.  288-292. 
Presiaential  Address  :  **  The  Deep-seated  Geologj*  of  the  Rochester  District "  : 

Trans.  S.E.  Union  Sci.  Socs.,  pp.  1-11. 
**  Coast  Changes"  :  Proc.  Dorset  N.H.  Field  Club,  vol.  xx,  pp.  109-112. 

1900.  The  President's  Address:    ••  Geology  of  Surrey  in  last  Ten  Years  "  :    Proc. 

Croydon  Micr.  N.H.  Club,  vol.  v,  pp.  iii-xvii. 

1901.  Address' of  the  President:    *♦  Some  Notes  on  Surrey  Science  (Meteorology, 

Water  Supply,  Geology)":    Proc  Croydon  Micr.  N.H.  Club,  vol.  v, 
pp.  xlriii-lix.' 
1903.     "Discussion  on  the   Present  Shortage  of  Water  available  for  Supply": 
Joum.  San.  Inst.,  vol.  xxiv,  pp.  71-76. 


s 
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8.  Prifpately  printed  lUporU^  eU, 

1869.    Communicaiion  in  the  Reports  of  the  Enf^ineer  (Metrop.  Bd.  Wks.)  on  the 

Boring  Operations  at  the  Crossness  Pumping  Station.     8vo;   pp.  7-8, 

16-17,  pi.  i.     l<ondon. 
1881.     "  Report  as  to  the  Prospects  of  the  Lamheth  Waterworks  Company  ohtarininff 

Water  from  Wells  infthe  Chalk  at  Tooting,  Lewisham,  and  Beckenham.'' 

Fol. ;  pp.  4. 

1883.  **  Report  as  to  the  Probability  of    the    I^ambeth  Waterworks   Company 

obtaining  Water  from  Wells  in  the  Chalk  under  their  Works  at  Ditton 
and  at  Tooting."    Fol. ;  pp.  3. 

1884.  '^  Report  upon  the  Water  Supply  of  Southampton."    Fol. ;  pp.  7  afld  plate. 

Keprinted  in  8vo  later. 

1886.  (With  W.  ToPLEY.)     **  Corporation  of  Croydon :  Report  upon  the  Water- 

works at  Addington."    pp.  29-39  and  plate. 

1887.  **  Report  on  the  Water  Supply  of  the  Borough  of  Margate."     8vo  ;  pp.  11. 

Margate. 

1888.  **  Report  as  to  the  Union  Well,  Windsor.'*     8vo ;  pp.  2.     Supplementary 

Report  (1889).     Fol.;  one  page. 
''Report  on  the  Well  at  the  South  Metropolitan  District  School,  Sutton, 
Surrey."     Fol. ;  pp.  2. 

1891.  (With  A.  II.  Green.)     **  London  County  Council :   Preliminary  Report  on 

the  Possibility  of  obtaining  a  Supply  of  Water  for  London  within  the 
Thames  Basin."     Svo ;  pp.  20.     London. 

1892.  •*  Borough  of  King's  I^ynn  :  Report  on  the  Best  Source  for  a  Water  Supply 

for  the  Town."     Svo;  pp.  8.     Lynn. 

1893.  The  Eastern  (/ounties  Coal  Boring  and  Development  Syndicate :    Report. 

8vo.     Ipswich. 
**  Report  on  the  Water   Supply  to  the  Local  Board  of  Health,  Ware." 
Printed  in  local  newspaper. 

1894.  "  Corporation  of  Croydon  :    Report  as  to  the  Future   Source  of  Water 

Supply."    pp.  101-110. 

1895.  **  Report    to    the  Water    Committee  of    the    Hastings    Town   Council." 

Fol. ;  pp.  6. 
*'  Metropolitan  Asylums  Board:  Report  on  the  Water  Supply  of  Caterham 

Asvlum."     Fol. ;  pp.  3. 
(With  ^.  V.  Holmes.)     *'  Report  on  Stutton  Boring."     Fol. ;  one  page. 

1897.  (With    T.   V.    Holmem.)       *»Weeley    Boring:     Report'*:     Ann.    Rep. 

E.  Counties  Coal  Boring  and  Dovel<)j)ment  Assoc.     Fol. ;  pp.  2. 

1898.  **  [Report  on  the  Shtnifield  Water  Supply]  to  the  Droxford  Rural  District 

Council "  :  Hampshire  Chronicle,  Oct.  22. 

1899.  ''ReiKirt  to  the  Coqwration  of  Southampton"  (Waterworks:   Suggested 

Protective  Area) :  Parliamentary  Committee,  pp.  7- 1 0. 
"Kent  Waterworks:    Report  (made  in  1^98)   upon  the  Yield  of  Water 
obtainable  within  the  District  of  the  Company,  and  from  the  Chalk  and 
Lower  Grcensand  Areas  to  the  East  in  Kent."     Fol.  ;  pp.  20. 

1899.  To  the  Urban  District  Council  of  Rushden  (Water  Supply).     Fol. ;  pp.  3. 

1900.  "Staffordshire   Clays:     Report  to    the    Directors  of    the  Great  Western 

Railway  Co.  (Blade's  Pit,  Swan  Village}."     F(»l. ;  pp.  6. 

1901.  "  Devizes  Urban  District  Council  Water  Supply  :  Report."     Fol.  ;  pp.  2. 

*'  To  the  Guardians,  Woolwich  Union  (Workhouse  Well)."    Fol. ;  one  page. 
**  Report    to    the    I^ngport    Rural    District    Council    (Water    Supply)." 
Fol. ;  pp.  3. 

1902.  ''Howdenshire  Water  (Report  on)":    County    Council    (PEast    Riding) 

Minutes  of     .     .     .     Sanitary     .     .     .     Committee,  pp.  45-49. 
"  Borough  of  Swindon     .     .     .     Water  Supply."     Fol.  ;  pp.  3. 

1903.  To    the    Malraesburj-    Rural    District    Council    (Great    Sheraton    Water). 

Fol. ;  pp.  3. 
1905.     **  Report  to  the  Urban  District  Council  of  Weston-super-Maie."    8vo ;  pp.  3. 
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II. — On  thb  Ashoillian  Sebies. 
By  J.  E.  Mark,  Sc.D.,  F.R.S. 

IN  my  Address  to  the  Geolonfical  Society  in  1 905  I  proposed  the  use 
of  the  terra  A8h<^llian  for  the  uppermost  series  of  the  Ordovician 
System,  but  did  not  discuss  therein  at  length  the  exact  relationship 
of  the  beds  to  which  the  term  was  applied,  with  the  underlying  and 
OTerlying  strata.  An  examination  of  the  literature  treating  of  these 
rocks  showed  that  there  was  a  considerable  amount  of  confusion  with 
regard  to  these  strata,  and  it  is  the  object  of  this  paper  to  clear  this- 
up  and  to  indicate  what  deposits  are  actually  referable  to  the 
Ashgillian  division. 

I.  Historical. 

In  the  Introduction  to  the  **  Synopsis  of  the  Classification  of  the 
British  Palaeozoic  Rocks"  (which  is  undated,  though  a  postscript  i» 
dated  July  19th,  1855),  Sedgwick  gives  the  Bda  Group  as  constituting 
the  whole  of  his  Upper  Cambrian,  while  the  Arenig  slates  and 
porph}Tics  are  placed  in  the  upper  division  of  his  Middle  Cambrian. 
He  divides  the  Bala  Group  as  follows: — **fl.  Lower  Bala  rocks. 
(1)  A  great  scries  of  daik  and  sometimes  earthy  slate.  (2)  A  great 
series  of  slates,  flags,  and  grits,  ascending  to  the  Bala  Limestone. — 
b.  Up])er  Bala  rocks.  Under  this  term  are  included:  (1)  The  Bala 
and  Hirnant  Limestone  and  the  Llandeilo  calcareous  flag.  (2)  Flag- 
stones, slati^s,  calcareous  beds,  and  shelly  sandstones  of  Cacr  Caradoc. 
The  whole  series  ending,  in  North  Wales,  with  slate  and  flagstone ; 
an<l,  in  South  Wales,  with  «latoH,  grits,  and  coarse  conglomerates. 
The  group  of  very  great  thickness. '* 

In  this  scheme  the  term  Upper  Hala  was  used  in  a  wider  sense  than 
that  in  which  it  wa.s  subserjuently  used  by  Salter  with  Sedgwick'a 
consent. 

In  **  The  Catalogue  of  the  Collection  of  Cambrian  and  Silurian 
Fossils  in  the  Geological  Collection  of  the  University  of  Cambridge," 
publi>hed  by  the  University  Press  in  1873.  the  term  **  Upper  Bala" 
was  n^stricted,  and  a  m^w  term  **  Middle  Bala"  intnnluced  and 
adoptiil  **  for  the  Bala  Limestone  and  its  associated  sandstones  and 
slates,  several  thousand  feet  thick  in  N.  Wales     .     .     .     ." 

On  p.  39  of  the  Catalogue  the  following  is  given  as  the  extent  of 
the  Middle  Bala  Group:  **  Pro  lessor  Sedgwick  only  includes  in  this 
group  the  9,000  feet  of  beds,  chiefly  arenaceous,  slaty,  and  with  some 
calcareous  bands,  which  lie  over  the  dark  earthy  slates  of  the  Arenig 
section  (Lower  Bala).  The  group  extends  a  short  distance,  probably 
a  couple  of  hundred  feet,  above  the  Bala  Limestone.  But  it  does  not 
include  the  Hirnant  Limestone,  which  is  the  base  of  the  Upper  Bala 
group  next  described.  It  appears  to  represent  in  mass  the  whole  of 
the  Caradoc  Sandstone  proper,  in  Shropshire.*' 

We  here  And  a  definite  statement  that  the  Hirnant  Limestone  is  the 
base  of  the  Upper  Bala  Group. 

On  pp.  72-83  the  Upper  Bala  fossils  are  catalogued,  and  at  the 
head  of  p.  72  the  following  grouping  is  given  : — 
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"  Upper  Bala  Group,  Sedgw.  (restricted  in  1866).  The  Upper  Bala 
of  the  synopsis  includes  the  Bala  Limestone,  now  Middle  Cambrian.^ 

**1.  Hirnant  Limestone  and  Llanfyllin  Beds,  viz.,  pale -coloured 
slates  above  the  Bala  Limestone.  Ash  Gill  slates,  etc.,  above  the 
Coniston  Limestone, 

**  2.  Llandovery  Rocks  (Phillips,  Salter,  Lyell — Lower  Llandovery  of 
the  Survey)." 

The  same  classification  is  given  in  somewhat  different  words  on 
p.  26  (text). 

With  regard  to  the  restriction  of  the  term  in  1866  I  have  searched  in 
vain  for  any  printed  record  of  such  restriction,  and  believe  that  it  was 
the  i^esult  of  conversation  between  Sedgwick  and  Salter,  for  in  a  note 
on  p.  26  of  the  Catalogue  Salter  writes:  **Prof.  Sedgwick  trusts  me 
to  arrange  them  [the  Bala  fossils]  according  to  the  present  state 
of  our  knowledge,  1867.  The  Bala  Group  or  Upper  Cambrian  of 
Sedgwick  therefore  consists  of:^ — , 

{Lower  Bala  =  LlandeUo  Flag  ( Upper  Llandexlo,  Geol.   Surrey,  the 
Arenig  being  the  lower). 
Middle  Bala  b  Caradoc  Sandstone  and  Bala  rocks  (Oeol.  Survey  and 
Sir  R.  I.  Murchison). 
Upper    Bala  =  Caradoc    shales,    Hirnant    Limestone,    and    Lower 
Llandovery  rock  (Gteol.  Survey)." 

It  is  clear  to  me  that  the  Upper  Bala  as  defined  by  Salter  in  the 
paragraph  I  have  quoted  is  very  different  from  the  Ashgillian  as 
I  propose  to  use  it,  so  far  as  the  Bala  region  is  concerned,  for  he 
definitely  takes  the  base  of  the  Hirnant  Limestone  for  its  base,  whereas 
I  propose  to  include  beds  some  way  below  this  limestone,  which  beds, 
I  hope  to  show,  are  equivalent  to  the  Ashgill  Beds,  which  Salter 
includes  in  the  Upper  Bala. 

The  position  of  the  summit  of  the  Upper  Bala  Group  as  defined  by 
Salter  is  even  more  unsatisfactory.  We  have  seen  that  he  divides  the 
Upper  Bala  Group  into  two  sub-groups,  viz.,  the  Hirnant  Limestone, 
etc.,  below,  and  the  Llandovery  above. 

Salt(jr  himself  says  of  them  ((7at.  Camb.  and  Sil.  Foss.,  p.  72) : 
**  The  fossils  of  these  two  divisions  are  arranged  together,  as  it  is 
clearly  impossible  always  to  draw  a  line  between  them ;  they  form, 
indeed,  one  series.  But  the  list  is  kept  in  two  separate  columns  here^ 
as  each  group  contains  a  few  peculiar  species." 

The  Llandovery  Beds  here  mentioned  (now  called  Lower  Llandovery) 
are  at  the  present  day,  by  general  consent,  bracketed  with  the  May 
Hill  Beds  (Upper  Llandovery)  to  form  the  basal  series  of  the  Silurian 
system.  We  are  therefore  concerned  with  the  rocks  containing  tl^e 
fossils  placed  by  Salter  in  the  columns  of  the  Catalogue  headed 
**  Upper  Bala  proper."  Twenty-two  forms  are  recorded  in  these 
columns.  The  first  entry,  Nidulites  farm,  is  clearly  placed  in  the 
wrong  column  owing  to  a  clerical  error.  Two  trilobites  are  given, 
viz.  Phacops  obtmicaudatus  and  Proetus  sp.,  from  Cold  well  and  the 
equivalent  :*triita  of  Helm(s)  Knot,  Dent.  Salter  elsewhere  (Cat.,  p.  26) 
"brackets  these  Cold  well  Beds  with  the  Ashgill  Beds — an  extraordinary 
error,    the  Coldwell  Beds  actually  belonging  to  the  Lower  Ludlow 

■ 

^  The  word  Cambrian  is  clearly  a  misprint  for  Bala. 
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Qionp.  "We  are  left  with  19  forms,  viz.  :  2  Corals,  2  Bryozoa,  and 
15  Bracbiopods,  of  which  1 1  are  OrlhideSf  most  of  which  have  a  long 
Tange.  This  attempted  definition  of  the  **  Upper  Bala  proper  "  hy  its 
included  fauna  is  almost  as  unsatisfactory  as  the  attempt  to  draw 
definite  lines  at  its  hase  and  summit.  The  one  satisfactory  determination 
in  the  Catalogue  is  that  of  the  position  of  the  Ashgill  Beds.^ 

Having  now  considered  the  "Upper  Bala"  Group  as  originally 
defined  in  the  Cat.  Camh.  and  Sil.  Foss.,  we  may  pass  to  the 
consideration  of  other  contrihutions  to  the  study  of  the  highest 
Ordovician  strata  at  home  and  abroad. 

The  British  area  where  the  A^shgillian  rocks  were  first  accurately 
separated  from  those  of  Middle  Bala  (Caradociun)  age  was,  as  has 
b^n  already  stated,  that  of  Lakeland,  and  we  may  now  consider  the 
work  which  has  been  done  in  that  region. 

The  Upper  Bala  Beds  of  the  Lake  District  proper,  unlike  those  of 
Wales,  have  from  the  time  of  the  restriction  of  the  term  in  1866  been 
correctly  grouped,  save  that  Salter  included  the  Coldwell  Beds  (of 
Lower  Ludlow  age)  with  the  Ashgill  Beds  proper,  but  his  reference  of 
the  Ashgill  Beds  to  the  Upper  Bala  showed  that  these  beds  were 
recognised  by  him  as  separable  from  the  Middle  Bala  Group. 

Professor  T.  McK.  Hughes  in  1876  showed  me  that  the  shales  of 
the  Sedbergh  area,  which  he  spoke  of  as  the  **  FairygiU  Shales,"  were, 
like  the  Ashgill  Shales,  distinguishable  from  the  "  Coniston  Limestone  " 
below  (which  contains  a  Middle  Bala  fauna)  by  their  organic  contents, 
and  he  discovered  Strophomena  (?)  siluriana  in  the  Ashgill  Shales  of 
Ashgill,  he  and  the  Rev.  H.  G.  Day  having  previously  found  it  in 
FairygiU,  etc.,  and  sent  specimens  to  Davidson,  who  described  them 
in  the  monograph  on  the  Brachiopods  published  by  the  Palaeonto- 
graphical  Society  in  1870.  Professor  Hughes  never  published  his 
views,  but  to  him  belongs  the  credit  of  showing  that  Salter's  Ashgill 
Beds  were  more  than  a  local  development  of  beds  at  Ashgill.' 

In  a  paper  which  appeared  in  the  Quarterly  Journal  in  1 878  I  gave 
a  short  list  of  fossils  from  the  Ashgill  Shales,  but  at  that  time  had  not 
recognised  a  calcareous  deposit  below  the  base  as  belonging  to  the 
Ashgill  Group.  I  first  referred  that  limestone  to  the  Ashgill  Series  in 
my  Sedgwick  Essay  (1883)  in  the  following  words: — 

**  Upper  Bala  Series.  The  Ashgill  Shales  of  Sedgwick  and 
Salter  succeed  the  Coniston  Limestone,  and  have  a  very  different 
fauna.  They  are  never  more  than  200  feet  thick,  and  consist  of 
a  lower  stage  of  grey  crystalline  limestone,  succeeded  by  poorly 
cleaved  bluish  or  blackish  shales."  Then  follows  a  list  of  fossils,  of 
which  those  occurring  in  the  lower  (calcareous)  stage  are  marked  by 

^  I  have  found  it  necessary  to  criticise  adversely  some  of  Salterns  conclusions.  It 
is  only  fair  to  state  that  at  the  time  when  the  Cat.  Camb.  and  Sil.  Foss.  was 
compLled  he  was  in  deplorable  health ;  also  that  he  was  unacquainted  with  the  rocks 
in  the  field  whose  fossils  he  was  arranging  and  cataloguing.  I  need  hardly  mention 
the  respect  I  have  for  the  work  he  did  among  the  Lower  Palajozoic  fossils. 

'  There  is  reason  to  believe  that  the  name  Ashgill  Beds  was  originally  suggested 
to  Salter  by  Aveline,  who  separated  them  from  the  "Coniston  Limestone'*  proper: 
at  any  rate,  Salter  proved  tne  distinctness  of  the  two  groups  on  palieontological 
grounds.  *  •  '  . 
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an  asterisk.  Among  these  are  CaryoeystiteB  DavUii  and  Stauroeephalus 
■elavifroiu.  As  both  limestone  and  shales  are  developed  in  the  quarry 
of  the  typical  locality,  A8h<j:ill,  it  seems  peculiarly  appropriate,  in  the 
absence  of  any  accurate  definition  of  the  limits  of  the  so-called  Upper 
iJala  Beds,  to  use  the  name  of  this  locality  in  connection  with  the 
division,  as  I  suggested  in  ray  Address  to  the  Geological  Society 
in   1905. 

In  1892  (Gkol.  Mag.,  Dec.  Ill,  Vol.  IX,  p.  97)  I  published  a 
paper  on  **  The  Coniston  Limestone  Series.**  In  this  paper  separate 
lists  of  the  Staurocephalus  Limestone  and  Ash  gill  Shale  divisions  of 
the  Ashgillian  arc  given,  but  the  Keislcy  Limestone  fossils  are 
wrongly  placed  with  the  Caradocian  fossils  of  the  Sh^ddale  group. 

The  true  ago  of  this  Keisley  Limestone  was  proved  by  Mr.  F.  R. 
Cowper  Kced.^  In  his  two  papers  on  this  limestone  he  shows  that 
its  fauna  appertains  to  the  Upper  Bala  (Ashgillian),  and  not  to  the 
Middle  Balu  (Caradocian). 

Last  year  1  was  able  to  show  that  the  Stauroeephalus  Limestone  of 
the  Cross  Fell  Inlier,  previously  described  by  Professor  Nicholson  and 
myself,  was  in  the  Keisley  Limestone  and  not  above  it  as  we  had 
wrongly  concluded.  The  Ashgillian  Beds  of  the  North  of  England  ai'e 
therefore  separable  into  two  divisions — 
Ashgill  Shales. 
Stauroeephalus  Limestone  (with  Keisley  Limestone). 

Turning  now  to  South  Wales,  we  find  the  most  siitisfactory 
development  of  Ashgillian  Beds,  so  far  as  Britain  is  concerned,  in 
that  area.  These  beds  were  classified  and  desciibed  bv  the  late 
Mr.  T.  Roberts  and  myself  in  1885  in  a  paper  in  the  Quarterly  Journal 
of  the  Geological  Society  (vol.  xli,  p.  476).  Wo  divided  the  beds 
as  follows : — 

Slade  Calcareous  Shales. 
Redhill  Shales. 
Sholeshook  Limestone. 

Wo  also  showed  that  the  Sholeshook  Limestone  was  comparable 
with  the  Stauroeephalus  Limestone  of  Lakeland,  the  Rhiwlas  Lime- 
stone of  the  Bala  area,  and  other  deposits  elsewhere,  and  that  the 
Redhill  Beds  were  comparable  witli  the  Ashgill  Shales.  The  Slade 
Be<i8  presented  lithological  charactei*8  differing  from  those  of  other 
known  areas  possessing  Ashgillian  rocks,  and  there  is  still  some 
uncertainty  concerning  their  equivalents  elsewhere,  and  accordingly 
we  are  yet  uncertain  as  to  the  precise  position  of  the  line  marking  the 
top  of  the  Ashgillian  Beds  of  some  districts.  To  this  point  I  shall 
recur  later. 

In  this  paper  sufficient  fossil  lists  were  given  to  show  the  marked 
difference  between  the  fauna  of  the  Caradoc  Beds  and  that  of  the 
ovt  rlying  Ordovician  strata,  and  the  latter  were  shown  to  be  widely 
spread  in  the  British  Isles  and  to  be  represented  by  beds  containing 
similar  faunas  on  the  Continent,  although  the  equivalence  of  some  of 
the  Scandinavian  beds  with  the  beds  of  Ashgill  had  previously  been 
asserted  by  one  of  the  authors  and  likewise  by  Dr.  S.  L.  Tiirnquist. 

^  Q.J.G.S.,  vol.  lii,  p.  407,  and  vo!,  liii,  p*  67. 
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The  distinctness  of  the  Curaclocian  and  Ashgillian  Scries,  over  wide 
areas,  as  based  npon  litholo^cal  characters  and  faunas,  was  thus  for 
the  first  time  clearly  hrought  out,  and  a  fairly  definite  hase  and 
sammit  for  the  series  wliich  I  here  speak  of  as  Ashgillian  was 
determined.  The  Ashgillian  Scrip's  was.  in  fact,  here  clearly  described 
as  a  group  worthy  of  separation  from  the  Caradocian  series  l)oncath. 

Our  classification  of  these  South  Welsh  deposits  has  subsequently 
been  confirmed  by  the  officers  of  the  Geological  Survey,  and  later  by 
Mr.  D.  C.  Evans  in  an  admirable  paper  on  the  Ordovician  of  Western 
Caermarthensh  ire .  ^ 

Let  us  return  for  a  moment  to  North  Wales.  The  fossils  of  the 
Rhiwlas  Limestone  undoubtedly  show  its  relationship  to  the  Sholeshook 
and  Slauracephalui  Limestones,  and  prove  its  distinction  from  the 
Bala  Limestone  of  Caradocian  age.  This  distinction,  as  I  stated  in 
my  Presidential  Address  in  1905,  was  clearly  suspected  by  a  member 
of  the  Geological  Survey  in  1847. 

In  that  address  I  divided  the  Ashgillian  Beds  of  North  Wales  as 
follows : — 

Himant  Limestoi^e. 

Shales. 

Khiwlas  Limestone. 

There  is  still  much  work  to  be  done  among  these  North  Welsh 
rocks.  In  1880'  I  referred  a  calcareous  ^vii  v^'ith.  E('hinoHph<erite8^ 
"by  the  roadside  about  a  quarter  of  a  mile  south-west  of  Maeshir,'* 
to  the  •*  Upper  Bala  Beds.'*  This  is  probably  coiTcct,  but  a  further 
reference  of  the  OrihU  alternate  beds  of  Cerrig-y-druidrou  to  this 
series  is  almost  certainly  an  error. 

When  the  Ashgillian  Beds  of  this  region  are  eventually  defined 
tiie  definition  will  undoubtedly  be  facilitated  in  consequence  of 
Mr.  T.  Ruddy's  paper  on  the  area.^  It  is  (luite  clear  that  some  of 
the  rocks  described  by  Mr.  Buddy  belong  to  the  Ashgillian  division. 
Miss  Wood  (Mrs.  Sliakcspear)  and  Miss  Klles  have  obtained  undoubted 
Ashgill  Shales  with  Fhacop%  mucronatiis  near  Conway  (Q.J.G.S., 
vol.  lii,  p.  273). 

As  in  the  case  of  South  Wales,  so  here,  we  are  in  difficulty  as  to  the 
precise  position  of  the  upper  limit  of  the  Ashgillian  strata. 

In  1882*  Professor  Lapworth  described  the  (iirvan  succession  in 
Ayrshire.  At  the  top  of  the  Ordovician  system  he  places  the 
Bmmmuck  Mudstones,  with  the  following  subdivisions : — 

Upper  Mudstones,  Ladybtiru. 
Starfish  Band,  Quarrel  Hill. 
Lower  Mudstones,  Drum  muck. 
Basal  Sandstones,  Auld  Thorns. 

In  our  paper  on  Haverfordwest  Mr.  Koberts  and  I  remarked  that 
"the  Starfish  Bed  of  Professor  Lapworth  ....  may  possibly 
be  the  representative  of  this  [Sholeshook  Limestone]  in  the  (iirvan 
area.     It  also  contains  Staurocephalus  globicepsy     There  is  very  little 

»  Q.J.G.S.,  vol.  Ixii  (1906),  p.  r)97. 
*  Q.LG.S.,  vol.  xxxn  (1880),  p.  277. 
'  U.J.G.S.,  vol.  XXXV  (1879),  p.  200. 
'♦  Q.J.G.S.,  vol.  xxxviu  (1882),  p.  537. 
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doubt  as  to  the  correctness  of  this  correlation,  in  which  case  the  oTer- 
lying  Lady  bum  Mudstones  are  the  probable  equivalents  of  the  Ashgill 
Shales. 

It  must  be  borne  in  mind  that  as  there  is  stratigraphical  conformity 
between  the  Ordovician  Hartfell  Shales  and  Silurian  Birkhill  Shales 
of  the  Moffat  area,  the  uppermost  portion  of  the  graptolite-bearing 
Hartfell  Shales  must  also  be  referable  to  the  Ashgillian  Series. 

In  Ireland  beds  of  Ashgillian  age  have  been  detected  in  various  parts. 

In  1896  Messrs.  Gardiner  &  Reynolds  ^  described  the  limestone  of 
the  Chair  of  Kildare,  which  with  previous  writers  they  refer  to  the 
Coniston  Limestone,  and  in  1897  ^e  same  authors'  describe,  among 
other  rocks,  the  Portraine  Limestone,  and  state  that  it  is  comparable 
to  the  Chair  of  Eildare  Limestone  on  the  one  hand  and  on  the  other  to 
the  Keisley  and  Sholcshook  Limestones  of  Great  Britain.  Each  of 
these  deposits,  therefore,  belongs  to  the  Ashgillian  Series. 

But  the  most  interesting  Irish  development  of  Ashgillian  age  is 
found  near  Pomeroy.  The  fauna  of  these  rocks  has  long  been  known, 
having  been  described  in  1863  in  Portlock's  *'Eeport  on  the  Geology 
of    .     .     .     Londonderry    .     .     .    Tjrrone,  and  Fermanagh." 

In  our  paper  on  Haverfordwest  Mr.  Eoberts  and  I  state  that  the 
group  of  fossils  characteristic  of  the  Sholeshook  Limestone  '*  appears 
to  occur  at  Desertcreat[e],  Tyrone,"  and  we  enumerate  species  common 
to  the  South  Welsh  and  Irish  areas,  and  state  that  fossils  from  the 
Irish  locality  seem  to  show  that  the  representatives  of  the  Redhill 
stage  occur  there  also. 

Kecently  this  tract  has  been  studied  by  a  party  of  Cambridge 
geologists,  and  an  outline  of  their  results  has  been  published  in  the 
Geological  Magazine  by  Mr.  W.  G.  Feamsides.'  The  beds  referred 
to  the  Ashgillian  Series  are  there  spoken  of  as  the  Desertcreate  Group. 
It  shows  the  Drummuck  facies,  and  the  point  of  particular  interest  is 
the  discovery  of  graptolites  of  Upper  Hartfell  age  associated  with 
fossils  characteristic  of  the  non-graptolitic  facies  of  Ashgillian  deposits. 
The  subdivisions  of  the  Desertcreate  Group  will  be  found  on  p.  422  of 
Mr.  Fearnsides'  notice,  and  need  not  be  repeated  here. 

Abroad  the  representations  of  the  Ashgillian  Series  are  known  only 
in  Scandinavia  and  Russia.  In  1879  S.  L.  Tomquist/  who  had 
examined  my  specimens  of  Ashgill  fossils  and  afterwards  was  taken 
over  the  Lake  District  section  by  my  brother,  correlated  the  Ashgill 
Shales  with  the  '  Brachiopod  -  schists  '  of  Sweden,  and  in  1882' 
I  pointed  out  that  they  were  comparable  with  the  lower  part  only 
of  these  Brachiopod  -  schists.  Later  in  our  Haverfordwest  paper 
Mr.  Kobcrts  and  I  showed  that  both  Staurocephalus  Limestone  and 
Ashgill  Shales  were  represented  in  Sweden. 

The  Leptcma  Limestone  of  Dalame  has  been  referred  to  various 
horizons,  but  Schmidt's  work  in  the  Baltic  provinces  has  shown  that 
it  is  clearly  equivalent  to  stage  F  of  Russia,  and  it  must  therefore  be 

»  Q.J.G.S.,  Tol.  lii,  p.  587. 

»  Q.J.G.S.,  vol.  liii,  p. /)20. 

»  Geol.  Mao.,  Dec.  V,  Vol.  Ill,  p.  421. 

*  cifv.  af  k.  Vetonsk.  Akad.  Fcirhandl.,  p.  63. 

*  U.J.G.S.,  vol.  xxxviii,  p.  313. 
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intermediate  in  age  between  the  Trinucletu  Shales  and  the  Lohifems 
Beds  of  Dalame,  the  former  being  of  Caradocian  and  the  latter  of 
Birkhillian  age.  The  general  correspondence  of  its  fauna  with  that 
of  the  Ashgillian  Beds  of  Britain  indicates  its  general  Ashgillian  age, 
but  there  are  certain  diifcrences  which  suggest  that  beds  of  other  ages 
are  also  represented  in  the  Leptcena  Limestone. 

II.     LiTHOLOGICAL    CHARACTERS. 

There  is  a  striking  similaiity  in  the  lithological  characters  of  some  of 
the  deposits  of  Ashgillian  age  over  wide  areas.  Leaving  out  of  account 
the  Slade  Beds  of  South  Wales  and  certain  deposits  which  in  other 
areas  are  doubtfully  Ashgillian,  we  find  a  widespread  distribution  of 
lower  calcareous  and  upper  argillaceous  strata.  The  calcareous  division 
in  Cumberland,  Wales,  parts  of  Scandinavia,  and  probably  elsewhere 
is  marked  by  a  greyish,  somewhat  argillaceous  limestone  with 
calcareous  shales,  each  weathering  olive-green.  With  these  are  purer 
white  limestones,  which  often  assume  a  markedly  crystalline  character, 
as  at  Keisley  and  the  Chair  of  Kildare.  The  overlying  argillaceous 
beds  are  often  bluish- grey  and  not  very  markedly  laminated  sand- 
stones. There  is  a  very  decided  resemblance  between  these  mudstones 
as  found  in  the  Lake  District,  North  Wales  (Conway),  South  Wales, 
and  in  parts  of  Sweden. 

III.   Fossils. 

The  fauna  of  the  Ashgillian  Beds  is  very  rich,  but  comparatively 
little  is  yet  known  of  it.  When  the  fossils  have  been  collected  as 
assiduously  as  those  of  the  Chalk  (for  instance)  we  shall  probably  find 
a  marked  contrast  between  the  fauna  of  the  Ashgillian  Series  and 
those  of  the  Caradocian  below  and  Valentian  (Llandovery-Tarannon) 
above. 

In  the  present  state  of  our  knowledge  a  few  notes  on  the  dominant 
characters  of  the  fossils  may  be  of  use  to  future  students  of  these  beds. 

In  Lakeland  and  South  Wales  the  abundance  and  variety  of  Cystidea 
is  very  noteworthy.  These  fossils  are  specially  found  in  the  Stauro- 
eephalus  Limestone  of  the  northern  area  and  in  the  Sholeshook 
Limestone  of  the  Principality.  Cystidea  of  course  have  a  long  range, 
but  some  of  those  found  in  the  Ashgillian  Limestones  are  probably 
characteristic  forms.  They  appear,  however,  to  be  local  ;  for 
example,  I  am  not  aware  of  any  record  of  these  organisms  in  the 
Desertcreate  Beds. 

It  has  been  noted  above  that  Strophomena(?)  siluriana  is  characteristic 
of  the  Ashgillian  Beds  of  the  North  of  England.  It  is  still  doubtful 
if  this  form  and  Or  this  hirnantensis  of  the  Himant  Limestone  are 
specifically  distinct.  At  present  we  are  only  able  to  use  the  so-called 
atrophometia  locally. 

The  Slade  Beds  of  Haverfordwest  are  often  crowded  with  Phyllopora 
Hisinqeri.  The  occurrence  of  this  form  in  the  upper  pait  of  the 
Ashgill  Beds  of  Backside  Beck,  near  Sedbergh,  is  of  significance. 
The  latter  beds  are  worthy  of  more  careful  examination.* 

>  See  Marr  &  Nicholson  on  «*  The  Stockdale  Shales  "  :  Q.J.G.S.,  vol.  xUv,  p.  700. 
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The  tiilobitos  have  up  to  the  present  received  most  attention. 
By  means  of  these  Crustaceans  we  can  mof^t  readily  separate  the  Ash- 
gilliun  J^eds  from  those  of  Caradocian  and  Valentian  ages 

The  occurrence  of  Staurocephalus  in  the  lower  part  of  the  Ashgillian 
Series  and  of  DalmanniU»  mucronatus  in  the  upper  part  (and  also  in  the 
lower)  has  frequently  been  noted.  A  few  remarks  upon  each  of  these 
forms  will  be  useful. 

The  term  Staurocephalus  Beds  was  first  applied  to  rocks  belonging 
to  the  Ashgillian  age  in  Sweden  and  subsequently  in  Britain.  The 
Swedish  form  is  Staurocephalus  clavifrons,  Ang.  Slaurocephalut 
glohiceps,  Portl.,  is  probably  identical  with  the  Swedish  form.  Lastly, 
Salter  (Mon.  Pal.  Tril.,  pi.  vii)  figures  a  form  from  lihiwlas  as 
Staurocephalus  Murchisoniy  Barr.  It  may  be  noted  that  Barrande's 
type  form  is  from  beds  of  Ludlow  age.  It  is  doubtful  whether  even 
the  Jiritish  Wenlock  forms  which  are  referred  to  this  species  are 
correctly  assigned,  and  there  are  grave  doubts  as  to  the  identity  of  the 
Bohemian  and  Rhiwlas  forms.  The  Ashgillian  Staurocephali  require 
careful  study,  and  the  three  forms  ab«jve  noted  will  probably  prove  to 
be  identical  or  closely  allied,  and  separable  from  the  Wenlock  and 
Ludlow  fossils. 

The  genus,  if  found  in  Caradoc  rocks,  is  extremely  rare  therein. 
It  is  also  far  from  common  in  rocks  of  Yalentiun  age,  and  its  wide 
distribution  in  the  Ashgillian  Beds  is  distinctly  noteworthy. 

Dalntannites  mueronattis^  Aug.,  is  particularly  abundant  in  beds  of 
Ashgillian  age,  and  is  very  useful  when  separating  them  from  the 
Caradocian  deposits,  in  which,  so  far  as  I  am  aware,  it  has  not  been 
found.  On  the  other  hand,  it  passes  up  into  the  Yalentian  rocks,  both 
in  Britain  and  in  ScandinetVia,  and  forms  one  of  the  few  connecting 
links  of  the  Ordovician  and  Silurian  faunas. 

This  form  requires  study.  Angelin  describes  two  species,  namely, 
Dalmanniies  mucronatus,  which  in  Sweden  is  a  Valentian  form,  and 
D.  eucentra,  which  occurs  in  the  equivalents  of  the  Ashgill  Shales. 
Salter  also  separated  the  North  of  England  form  from  the  type 
mucronatus  as  var.  appendiculatus.  Later  writers  have  referred  all  to 
mucronatus,  and  if  the  Ashgillian  and  Valentian  fonns  be  distinct  they 
are  certainly  closely  allied. 

"While  speaking  of  the  Pha^opes,  we  may  note  that  the  group 
Cha^mops,  so  abundant  in  rocks  of  Caradocian  age,  appears  to  be 
absent  from  the  Ashgillian  Beds,  and  that  the  group  Phacops  proper, 
which  is  found  abundantly  in  the  overlying  Valentian  rocks,  has  also 
nev(»r  been  recorded  from  beds  of  Ashgillian  age. 

Turning  now  to  the  genus  Trinucleus,  we  find  that  this  form,  so 
abundant  in  all  Ordovician  rocks,  is  well  represented  in  the  highest 
Ashgillian  Series.  The  sudden  disappearance  of  this  form  at  the  top 
of  the  Ashgillian  Beds  is  one  of  the  most  impoi-tant  means  of 
separating  these  from  the  Lower  Valentian  (LlandoveiT)  Beds.  It 
is  true  that  Ttinucleus  has  been  more  than  once  recorded  in  beds  of 
Llandovery  age,  but  oven  if  these  records  be  correct  the  genus  is 
exfre)nely  rare  in  them.     Let  us  for  a  moment  notice  these  recortls. 

Iq  Cat.  Camb.  and  Sil.  Foss.,  p.  78,  Salter  records  T.  concentricus 
from   the   Lower  Llandovery  of    Pen-y-craig.      I    find    the   actual 
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ipecimen  now  placed  among  the  Caradocian  fossils  in  the  Sedgwick 
Museum,  on  whose  authority  1  cannot  say,  but  Professor  Hughes, 
who  knows  the  district  well,  assures  mo  that  at  the  time  of  this 
determination  considerable  confusion  existed  as  to  the  age  of  the 
various  beds  there. 

There  are  various  references  to  the  occurrence  of  TrinucleuB  in  both 
Lower  and  Upi)er  Llandovery  rocks  in  the  Mem.  Geol.  Survey,  vol.  iii 
(3rd  edition,  1881),  but  the  information  given  is  of  the  vaguest,  and 
I  cannot  help  suspecting  mistakes. 

In  1877  Professor  Harkness  &  Nicholson  gave  in  the  Quarterly 
Journal  of  the  Geological  Society  a  list  of  trilobites  from  the  Stockdale 
Shales.  In  this  was  included  Trtnucleus  finibriatm,  a*  determination 
which  Professor  Nicholson  subsequently  admitted  to  be  founded  on 
error,  and  accordingly  the  species  was  not  recorded  in  the  later  paper 
on  those  shales  by  Professor  Nicholson  and  myself. 

On  the  Continent  one  example  of  Trtnucleus  WaMenhergi  is  recorded 
in  Kjerulf's  *'  Veiviser  "  from  stage  5  (of  Llandovery  age).  It  occurred 
in  a  nodule,  and  may  possibly  be  derivative. 

In  any  case  the  extreme  rarity  of  the  genus  in  the  Yalentian  rocks 
is  in  marked  contrast  to  its  abundance  in  even  the  highest  (Slade) 
stage  of  the  Ashgillian  Beds,  though  it  must  not  be  supposed  that 
li-tHUcleus  is  common  or  even  represented  in  ull  Ashgillian  strata ;  it 
is,  for  example,  distinctly  rare  in  those  of  most  localities  in  the  North 
of  England. 

Of  trilobite  species  wliich,  so  far  as  I  know,  are  confined  to  Ashgillian 
rocks,  I  may  mention  Encrinurun  nex-costatus^  Cheirurus  octolohatuSy 
Cjfphoniscus  socialis,  Remopleurides  longicoitatus,  and  Ampyx  tumidua. 
There  are  many  others  which  have  hitherto  been  found  in  one  or  two 
localities  only. 

Several  forms  which  occur  rarely  in  Caradoc  rocks  are  more  abundant 
in  the  Ashgillian  strata,  as  Acaste  Brongniarti^  Agnostus  tumiduSj  and 
Phillipsinella  parabola. 

The  gr.iptolites  found  at  Desertcreato  will  enable  us  to  compare 
those  rocks  with  their  graptolitc  equivalents  in  the  MoflPat  area.  As, 
however,  the  work  is  being  done  by  Mr.  Fearnsides  and  his  colleagues, 
we  must  await  the  publication  of  their  full  results. 

The  following  lists  of  fossils  will  be  useful  to  students  of  the 
Ashgillian  rocks  at  home  and  abroad: — 

Mem.  Geol.  Survey,  Catalogue  of  Lower  PaUcozoic  Fossils  in  the 
Museum  of  Practical  Geologv  (1878).  In  this  list  the  specimens 
recorded  as  from  '*Rhiwlas"  are,  I  believe,  in  all  cases  from  the 
Stauroeephalus  Limestone.  The  various  papers  alluded  to  above  mostly 
have  fossil  lists.  In  the  paper  by  myself  on  *'  The  Coniston 
Lime.^tone,"  the  Keisley  species,  as  above  stilted,  belong  to  the 
Ashgillian,  and  not,  as  there  recorded,  to  the  Caradocian.  A  full 
list  of  the  Keisley  fauna  is  given  in  Mr.  Reed's  papers  on  the 
Keislev  Limestone.  The  South  Welsh  forms  are  recorded  in  the 
paper  by  Mr.  Roberts  and  myself,  and  in  that  by  Mr.  Evans.  Irish 
forms  of  Ashgillian  ago  are  noticed  in  Messrs.  (janliuer  &  Reynolds' 
papers,  and  in  the  brief  notice  of  the  Pomeroy  Ikuls  by  ^[r.  Feurusides. 
A  few  Scotch  forms  are  mentioned  in  Prof.  Lap  worth's  Girvan  paper. 
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In  Scandinavia  we  find  records  of  fossils  from  the  Brachiopod-schists 
in  Linnarsson's  account  of  the  Cambnan  and  Silurian  Beds  of  Westro- 
gothia  (K.  Svensk.  Vetcnsk.-Akad.  Forhandl.,  Bd.  Tiii,  No.  2 ;  in  this 
paper  some  of  the  forms  are  apparently  from  the  Upper  Brachiopod 
schists,  of  Llandovery  age) ;  and  also  in  TuUberg's  papers  on  the  Scanian 
graptolites  (Svensk.  Geol.  Undersokn,  series  C,  No.  50,  p.  17),  in  the 
zones  of  Stauroeephalus  elavifrons  and  Phacops  mucronata,  Kecords 
of  fossils  of  the  Leptana  Limestone  will  be  found  in  various  papers  by 
Tomquist,  especially  in  a  paper  on  the  Palaeozoic  rocks  of  the  Siljan 
district  (Of  vers,  af  k.  Yetensk.-Akad.  Forhandl.,  1874);  and  another 
on  the  trilobite  fauna  of  the  Siljan  district  (Sver.  Geol.  Undersokn, 
1884)  ;  also  in  Angelin's  **  PalaBontologia  Scandinavica  "  and  in 
Lindstrom's  **  Fragmenta  Silurica." 

A  list  of  Russian  fossils  from  Stage  F  will  be  found  in  the  first 
pai'tof  Schmidt's  "Revision  der  Ostbaltischen  Silurischen  Trilobiten" 
(Mem.  TAcad.  Imp.  des  Sciences  de  St.  Petersbourg.  1881). 

The  above  list  is  no  doubt  far  from  complete,  but  the  student  may 
obtain  from  a  perusal  of  these  papers  a  good  idea  of  the  varied 
character  of  the  Ashgillian  fauna. 

IV.   Thb  Base  and  Summit  of  the  Ashgillian  Sesies. 

(1)  Base,  In  South  Wales,  where  the  Ashgillian  succession  is  so 
well  shown,  the  line  of  demarcation  between  the  Uobeston  Wathen 
Limestone  of  Caradocian  age  and  the  Ashgillian  Sholeshook  Limestone 
is  usually  easily  determinable.  Although  each  is  a  limestone,  they 
are  fairly  readily  separable  by  lithological  characters,  and  the  change 
in  fauna  is  very  marked.  Similarly,  in  the  Lake  District  the  change 
from  the  Caradocian  Sleddale  Limestone  and  the  Ashgillian  Stauro* 
cephaltis  Limestone  is  usually  well  marked,  though  it  is  possible  that  in 
the  fossil  lists  some  forms  referred  to  the  Caradocian  division  really 
belong  to  that  of  the  Ashgillian.  In  the  Cross  Fell  Inlier  the 
difference  between  the  equivalent  of  the  Sleddale  Group  (Dufton 
Shales)  and  the  Ashgillian  Limestones  is  most  obvious.  The  exact 
base  of  the  Ashgillian  group  at  Girvan  yet  remains  to  be  fixed,  and, 
as  before  stated,  much  remains  to  be  done  in  North  Wales. 

(2)  Summit.  The  line  of  demarcation  between  the  Ashgillian  and 
Yalentiun  is  usually  less  readily  determinable  than  that  at  the  base 
of  the  former  series.  The  difficulty  was  admitted  by  Salter  when  he 
bracketed  the  Lower  Llandovery  and  Upper  Bala  Groups  (Cat.  Camb. 
and  Sil.  Foss.). 

There  are  two  causes  of  difficulty;  one  the  frequent  similarity 
between  the  Ashgillian  and  Llandovery  rocks,  and  the  other  the 
difEerence  of  opinion  as  to  what  line  should  be  taken  as  marking  the 
top  of  the  Ashgillian.  With  regard  to  the  former,  the  Ashgillian  and 
Llandovery  Beds  of  the  Haverfordwest  region  have  a  striking  similarity, 
though  separated  by  a  conglomerate,  and  in  Scandinavia  the  line  of 
demarcation  must  be  drawn  in  the  middle  of  the  Brachiopod-schists. 

I  believe  that  the  fossils  will  usually  furnish  a  ready  means  of 
distinction.  The  practical  disappearance  of  Trinuclew  at  the  top  of 
the  Ashgillian  has  already  been  noted,  and,  so  far  as  I  know,  the 
genera  Nidtdites,  Phaeops  (proper),  and  Strieklandinia  are  not  found 
below  the  Lower  Llandovery. 
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The  difference  of  opinion  as  to  what  line  should  he  taken  as 
separating  the  Ordovician  from  the  Silurian  requires  fuller 
consideration.  Professor  Lap  worth  in  the  MofPat  district  places  the 
lowest  zone  of  the  Birkhill  Shales,  that  of  Diplograpttis  {Cephalo- 
grapttis)  acuminattu,  in  the  Silurian,  while  TuUherg  assigns  the 
corresponding  zone  in  Scania  to  the  Ordovician,  hecause  it,  like  the 
Scotch  zone,  has  no  Monograpti,  Lithologically  and  pal  aeon  tologically, 
however,  it  seems  to  he  more  closely  related  to  the  overlying  heds 
than  to  those  heneath  it,  and  I  would  follow  Lapworth  in  assigning  it 
to  the  Silurian. 

In  North  Wales  the  question  is  not  so  easy.  The  Hirnant  Lime- 
stone is  not  a  richly  fossiliferous  deposit,  its  most  frequent  fossil  being 
OrMs  himantensu.  Salter,  as  we  have  seen,  referred  it  to  the  Upper 
Bala,  while  Professor  Hughes  has  maintained  that  two  deposits  have 
been  referred  to  this  division,  the  loweiiof  which  is  Ashgilhanand  the 
upper  Llandovery.     The  question  remains  to  be  settled. 

It  may  be  remarked  that  the  Llandovery  Beds  of  Wales  and  the 
Welsh  borders  still  require  much  work.  Professor  Hughes  has 
separated  the  fossils  of  the  Upper  and  Lower  Llandovery  Beds  of  the 
typical  area,  and  his  collections  arc  preserved  in  the  Sedgwick 
Museum,  but  his  observations  require  extension  in  surrounding  areas. 

My  objects  in  this  paper  have  been  to  show  that  the  Ashgillian 
Beds  form  a  group  sufficiently  impoitant  to  be  separated  as  a  series 
from  the  beds  of  the  Caradociun  Scries  below ;  to  prove  that  the  term 
Upper  Bala  applied  by  Salter  was  too  vaguely  defined  to  stand  (even 
were  the  term  not  objectionable  on  other  grounds),  and  that  therefore 
another  term  is  reijuired,  that  of  Ashgillian  being  adopted  because  the 
term  **  Ashgill  Beds  "  used  by  Salter  for  his  Upper  liala  Beds  in  the 
Lake  District  was  applied  to  a  definite  group  well  defined  by  him ; 
lastly,  to  indicate  to  future  workers  the  lines  on  which  to  proceed  in 
giving  us  what  we  greatly  require,  a  monograph  upon  the  stratigraphy 
and  paleontology  of  this  important  series. 

Table  of  the  Ashgillian  Strata  of  thb  British  Isles. 
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South  Wales.  North  Wales.  N.  of  England.    Girvan. 

Ireland. 

1                                   Fhi/liopora-                          i 
ai-*i4»  n^-              Himant                 Beds  of                  p                          „ 
Siaae  iseos.          Limestone  ?       Backwde  Beck,            ^ 

Sedbergli  ? 

1                             i                     ' 

MtteronatH*'                                                      I 
Bedhill  Bed«.     ^"^^h^,*^'""^^''-  Ashgill  Shale.,     ''^fj]'"™  1     Tinia.,ke«  Be<is. 

Macshir  ? 

Sboleshook 
Limestone. 

;  „.             11                             Killev  Bridce  and 

RluwlM             J^>n>«r><'.°f          ^l"^"''     :  =  Chair  of  KiUlare 
Lunestoae.         (with  keisley         Bed.                i,i„„.s,„„e. 

Limestone).                           =l'ortraine  Lime- 
'                             «t<me. 

70  Prof.  B,  J.  Ghirtcood — The  Fauna!  Sueeesaion 

III.  —  Notes  on  the  Faunal  Succession  in  the  Carboniferous 
LiaiESTONE  OF  Westmoreland  and  Neigdbourino  Portions  of 
Lancashire  and  Yorksoire. 

By  £.  J.  Garwood,  M.A.,  Sec.  6.S., 
Professor  of  Geology  in  UniTersity  College,  London. 

IN  August  last,  at  the  meeting  of  the  British  Association  at  York, 
I  gave  a  general. account  of  the  zonal  succession  of  the  Carboniferous 
Limestone  as  developed  in  Westmoreland  and  North  Lancashire,  and 
I  instituted  a  comparison  with  beds  of  a  similar  age  in  the  Ingleborough 
and  North  Pennine  districts. 

In  response  to  a  request  made  at  the  meeting,  I  drew  up  a  table 
in  which  a  provisional  correlation  was  attempted  with  tlie  zones  of  the 
Avonian  Succession.  I  had  not  then,  however,  had  the  opportunity 
of  consulting  Dr.  Vaughan  regarding  his  most  recent  conclusion,  the 
correlation  with  the  Avonian  Succession  being  based  on  the  tables 
accompanying  his  paper  and  that  of  Mr.  Sibley  on  the  Mendip  area. 

I  hope  shortly  to  describe  the  Northern  Succession  more  fully,  but 
meanwhile  I  take  the  opportunity  afforded  by  the  courtesy  of  the 
Editor  of  the  Geological  Magazine  to  bring  forward  the  problems 
involved  in  any  correlation  of  the  northern  areas  more  fully  than  could 
be  done  in  the  short  abstract  publislied  by  the  Association,  and  to 
revise  the  attempted  correlation  of  the  lower  beds  with  Dr.  Yaughan*s 
zones. 

The  key  to  the  northern  area  lies  in  the  Miehelinea  nifgasioma  bed 
as  developed  in  the  Amside  section,  where  it  contains  a  rich  fauna. 
This  bed,  together  with  the  underlying  Meathop  Limestones,  I  hare 
long  considered  to  lie  near  the  base  of  ^e  succession  in  the  north,  but 
its  relation  to  the  Shap  and  Ravenstonedale  Limestones  and  the  over- 
lying Ashfell  Beds  was  not  absolutely  clear,  on  account  of  the  absence 
of  the  Miehelinea  bed  from  the  eastern  exposures.  The  lowest  hed  at 
Amside  contains  amongst  others  the  following  characteristic  forms  : — 

Miehelinea  megattotna,  Ortho(eie»  erenittria, 

Zaphrentit  aff.  cornucopia,  Athyri*  expan$a. 

Canitiia  cylindrica.  Chonetei  cf.  comoidet, 
Produetui  aff.  punctatut. 

In  addition  a  very  characteristic  Cyathophyllum  occurs  in  which  the 
septa  show  a  marked  Zaphrentid  type  of  grouping,  and  a  new  species 
of  Clisiopht/llufH,  wliich  Dr.  Vaughan  has  since  told  me  he  is  about  to 
describe  from  the  basement  bed  at  Horton.  where  it  also  occurs. 

Dr.  Vaughan  agrees  with  me  that  this  fauna  points  to  a  position 
near  the  top  of  his  C  zone  in  the  Bristol  area.  No  Lithostrotions  occur 
in  the  Choneten  bed,  but  immediately  above,  in  the  overlying  Black 
Limestone  of  Blackstono  Point,  they  occur  in  abundance,  together 
with  Diphyphyllum  and  Campophyllids,  and  I  therefore  take  the 
Blaokstone  Point  Beds  as  representing  the  base  of  Sj. 

These  beds  can  be  traced  for  a  mile  or  two  in  an  easterly  direction, 
and  reappear  again  near  the  base  of  the  Scout  Scar  section,  both  in  the 
Brigsteer  and  Underbarrow  road  cuttings  (Barrowfield  Beds  of  the 
table). 
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In  the  Brigsteer  section  occur  all  the  species  characteristic  of  the 
Amside  Beds,  including  the  giant  Chonetei  cf.  eomoufes  and  unusually 
large  specimens  of  Orthoietea  creniifria,  neither  of  which  occurs  above 
this  horizon  in  any  section  I  have  examined  in  the  north.  Indeed, 
the  greater  part  of  the  fauna  of  the  bed  is  strictly  limited  to  this 
horizon,  and  nearly  the  same  ussociation  occurs  at  the  base  of  the 
Ingleborough  succession/  and  undoubtedly  represents  the  same  horizon. 

Any  beds,  therefore,  below  these  are  of  special  interest,  as  they 
carry  us  well  down  into  C  or  lower.  Such  beds  occur  at  Low 
Meathop,  opposite  Arnside,  and  at  Crag  Mollet  in  the  Brigsteer 
section  ;  in  both  places  they  coilsist  of  purple  doloniitio  limestone,  and 
contain  fine  silicitied  specimens  of  Syringopora  (cf.  reticulata)  and 
small  Cyathophyllids  and  Seminulas.  while  at  the  base  at  Crag  Mollet 
occurs  a  bed  marked  by  clusters  of  Diphyphyllum  piettdo^vennieulare 
(McCoy). 

If  this  Diphyphyllid  Lithostrotion  is  to  be  considered  typical  of  (S), 
then  the  whole  of  the  Amside  Beds  and  the  Horton  Bedls  will  have 
to  be  included  in  (S)  also.  It  is  possible,  however,  that  ^e  have 
here  the  forerunner  of  the  LilhoHrotion  fauna,  which  becomes  so 
characteristic  of  the  Seminula  zone  above. 

In  the  Shap  and  liavenstonedale  district  further  east  the  megastoma 
bed  is  absent,  but  the  some  purple  dolomitized  limestones  with 
Syringopora  occur  towards  the  base,  though  they  are  here  much 
thicker  and  include  lower  beds  than  any  found  at  Kendal  or  Meathop, 
so  that  at  Raven stonednle  we  probably  have  the  lowest  beds  found 
anywhere  in  the  district.  The  absence  of  the  megastoma  bed  makes 
the  sequence  rather  more  difficult  to  subdivide,  but  as  the  result  of 
many  years'  work  in  the  district  I  have  come  to  the  conclusion  that 
this  bi*d  is  representod  in  the  Shap  area  by  the  sandstone  near  the  base 
of  the  Ashfell  series. 

The  evidence  on  which  I  rely  is  as  follows: — At  Brigsteer, 
immediately  beneath  the  Michelinea  bed,  we  have  the  Crag  Mollet  Bed 
full  of  Diphyphyllum  pHeudo-vermiculare^  which,  as  far  as  I  am  aware, 
has  not  been  found  elsewhere  at  any  hiuher  horizon.  The  same  form 
occurs  abundantly  near  the  top  of  the  Shap- liavenstonedale  Limestone 
near  the  base  of  the  Ashfell  group,  so  that  the  latter  should  include  the 
megastoma  bed. 

Again,  the  base  of  the  Knipe  Scar  or  Melmerby  Limestone,  resting 
on  the  Ashfell  Beds,  is  crowded  with  silicitied  specimens  of  Cyrtina 
earhonaria,  a  form  characteristic  in  the  western  area  of  the  base  of  the 
up|>er  Seminula  zone  ^ ;  furthermore,  in  the  Shap  section  at  the  base 
of  the  Ashfell  series,  occurs  a  thin  layer  enclosing  remains  of 
Camarophoria  isorhynchn^  a  form  characteristic  of  the  very  base  of  the 
lower  Seminula  zone.* 

Lastly,  at  Kettle  wall,  on  the  east  side  of  the  Kcndid  outlier,  we 
have  ttu  epitome  of  the  sequence  in  both  areas.  Here  the  megastoma 
bed,  very  much  reduced  in  thickness,  is  overlain  a  few  feet  above  by 

*  See  Cosmo  Johns  &  Vaughan  :  Geol.  Mag.,  1906. 
'  Dr.  Vau;^han:  Q.J.G.S.,  vol.  Ixi,  p.  254,  footnote. 
'  T.  F.  Sibley  :  op.  cit.,  vol.  Ixii,  p.  376. 


72     Prof.  Oartcood'^Faunal  Sueeuaion,  Carboniferous  Limestone. 

a  limestone  containing  Cyrtifia  earhonaria  (the  locality  whence  the 
type-specimens  figuied  by  McCoy  and  Davidson  were  obtained),  and 
it  has  already  been  shown  that  the  bed  containing  Diphyphyllum 
pseudo-vermiculare  underlies  the  megastoma  bed  on  the  west  side  of 
this  outlier.  It  seems,  therefore,  practically  certain  that  the  Ashfell 
Sandstone,  with  its  included  limestones,  represents  the  whole  of  the 
lower  Seminula  zone,  and  that  the  fnegantama  bed  is  represented  by 
the  very  top  of  the  Shap-Bavenstonedale  limestone  or  the  base  of  the 
Ashfell  group. 

This  fact  is  of  great  interest  outside  the  question  of  local  correlation 
of  these  northern  exposures,  as  it  shows  that  in  the  northern  area  we 
have  a  marked  upheaval  producing  shallow- water  conditions  at  the 
top  of  the  Toumasian  and  base  of  the  Vis6an  times,  similar  to  that 
recorded  from  the  south-west  province,  the  Ingleborough  district,  and 
elsewhere,  resulting  possibly  even  in  contemporaneous  erosion  in  some 
places. 

With  regard  to  the  age  of  the  lowest  beds  at  Shap  Abbey  and 
Raven stonedale,  it  is  diflScult  to  speak  with  certainty  here.  I  was  at 
first  inclined*  to  place  the  lowest  beds  at  Ravenstonedale  as  low  ns 
Br.  Yaughan's  Cleiitopora  zone,  on  account  of  the  occurrence  of  a  flat 
encrusting  coral  resembling  Ckistopora,  but  Dr.  Yaughan  informs  me 
this  is  not  his  typical  form,  and  as  this  may  not  bo  a  CUiitopora  I  have 
taken  Athyrin  ylabristria  and  Spirifer  aff.  clathratwi  ^  as  characteristic 
forms  for  these  lower  beds.  The  latter  occurs  throughout  the  lowest 
beds,'  but  is  specially  abundant  at  the  base,  the  former  being  plentiful 
near  the  bottom  of  the  Shap-Kavenstonedale  Limestone,  while  this 
limestone,  as  stated  above,  is  everywhere  characterized  by  a  fine 
Syring&p&ra.  As  Spirifer  aff.  clathratun  occurs  throughout  Z  and 
K  in  the  Bristol  area,  and  as  corals  also  occur,  which,  though  badly 
preserved,  appear  to  resemble  Zaphrentis  Fhilltpsii,  I  have  provisionally 
assigned  the  lowest  beds  in  the  Kavenstonedale  district  to  the  Zaphrentis 
zone  of  the  Avon  district. 

The  Shap  Abbey  Beds  do  not  appear  to  include  these  lowest  beds, 
and  although  they  are  rich  in  Athyris  glahriHria  and  also  contain 
a  species  of  Spiriferina  and  Modioliform  lamellibranchs,  they  will 
probably  not  be  found  to  represent  beds  much  below  the  base  of  the 
C  zone  of  Dr.  Yaughan. 

The  correlation  of  the  higher  beds  in  the  table  does  not  call  for 
much  comment  here.  The  presence  of  Lonsdaleia  Jloriformis  and 
Petal azii  Portloehi  at  Humphrey  Head  together  with  Dihunophyllum 
aff.  yjr  at  Orange,  shows,  that  the  upper  Dibunophylium  beds  are 
represented  in  the  western  extension  of  the  district,  and  that  a  fault 
occupies  the  Kent  estuary,  bringing  the  lowest  be<ls  at  Meathop  against 
the  highest  beds  at  Grange.  The  same  association  of  forms  at 
Outscar,  Bampton,  and  elsewhere,  shows,  that  these  upper  beds  are 
also  present  in  the  Shap  district,  and  the  btnls  below  contain  a  typical 
lower  Dihunophyllum  fauna  with  Cyathophyllum  Murchisoni  and 
Alveolites  septosus  and  characteristic  Producti, 

^  Kindly  detormined  for  me  by  Dr.  Vaughan. 

^  Lower  Limestone  Shales  of  the  Government  Map. 
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In  the  Norton  district  we  appear  to  have  a  normal  succession.  On 
Ingleborough,  above  the  Caninia  basement  bed  S^  is  represented  by  the 
Bellerophon  bed  with  Nemalophyllum  minus,  and  is  in  all  respects 
similar  to  the  same  zone  on  Scout  Scar,  Hampsfield  Fell,  etc.  Above 
these,  beds  rich  in  Chonetes  papilionaceuB,  LithoMtrotion  Portlocki^  and 
Alveolites  septosa  succeed,  and  corals  allied  to  Dihunophyllum  0  are  not 
uncommon  still  higher  with  characteristic  Ptoducti,  But  I  do  not 
know  of  the  occurrence  of  Lonsdaleia  florifonnis  or  Produetus  giganteus 
on  Iiigleborough.  On  Penygent,  however,  at  Hunt  Pot,  we  have  a  rich 
fauna  of  upper  Dihunophyllum  age  containing,  beside  the  typical 
Produetus  giganteus^  /.onsdaleia  florifomiisy  Dihunophyllum  aS.  ^, 
Lithostrotion  junceum^  etc.  In  the  lower  shale  band  a  iSpiriferina 
closely  related  to  octoplicata  is  common,  and  Dr.  Vaughan  tells  me 
that  he  has  lately  traced  Sowerby*s  type-specimen  of  Spiriferina 
octoplicata  to  an  horizon  which  appears  to  be  D3,  the  identical  horizon 
of  the  Hunt  Pot  Beds. 

The  bed  above  this  on  Penygent  is  frequently  crowded  with 
Produetus  laiissimus  and  thick  reefs  of  Dihunophyllum  in  the  ^  stage, 
a  form  which  appears  to  be  larger  and  longer  than  the  typical 
examples.  This  bed  is  represented  on  Ingleborough  by  the  cement- 
stone  bed  seen  in  the  swallowhole  dedicated  in  the  Ordnance  map  to 
Tatham^s  wife,  and  is  also  found  at  Riblehead.  The  same  zone  occurs 
in  the  Wensley  Dale  district  at  the  top  of  the  Hardraw  Scar  Limestone, 
while  the  bottom  of  that  bed  is  full  of  typical  Produetus  giganteus. 

The  highest  zone  in  the  district,  that  contained  in  the  Upper  Scar 
Limestone,  shows  a  further  modification  of  the  giant  Producti  to 
a  form  which,  some  years  ago,  I  tentatively  referred  to  the  variety 
Edelhurgense.^ 

IV. — The  Rucks  op  Nobtjiebk  Gueensey. 

By  JoHX  Parkinson. 

Introductton, 

IN  a  communication  to  the  Geological  Society  in  1900  I  had 
occasion  to  compare  the  ix)cks  of  the  south-eastern  coast  of 
Jersey  with  the  hornblende  gabbro,  diorites,  and  granites  of 
Northern  Guernsey ;  and  to  point  out  that  in  general  terms  the 
pctrographical  types  of  the  two  islands  bore  a  close  resemblance 
to  each  other,  group  for  group,  in  sequence  and  general  relations. 
Since  work  abroad  renders  it  improbable  that  I  shall  be  able  to 
devote  much  additional  time  to  this  subject,  the  following  notes  are 
given  as  a  possible  aid  to  future  observers. 

The  very  valuable  work  of  the  liev.  Edwin  Hill 'in  this  island 
renders  superfluous  any  lengthy  note  on  general  characters ;  suffice 
it  to  say  that  the  southern  part  of  the  island  consists  of  gneiss  with 
a  few  intrusive  masses  and  dvkes;  the  northern  of  diorites  and 
intrusive  granites,   except  for  an  oblong  area  on  the  eastern  coast, 

'  I  here  limit  the  term  (f'tganteti*  to  the  large  coarse-ribbed  forms  found,  as  far  as 
I  am  aware,  only  in  the  LibunophyUnm  zone,  and  usually  confined  to  the  upper  part 
of  thnt  zone. 

'  Quart.  Joum.  Geol.  Soc.,  vol.  xl  (1884),  p.  404  and  map. 
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between  St.  Peter's  Port  and  St.  Sampson's,  which  is  composed  of 
hornblende  gabbro. 

In  the  present  paper  the  field  evidence  will  be  briefly  reviewe.i^ 
and  reference  made  to  the  microscopic  work  only  when  necessary. 

The  subject  can  be  divided  into  two  paits — 

( 1 )  The  hornblende  gabbro. 

(2)  Sections  on  the  northern  and  western  coasts. 

(1)  The  Hoknblende  Gabbro. 

Detailed  examination  of  the  coast  between  St.  Sampson's  and 
St  Peter's  Port  resulted  in  the  following  conclusions : — 

(tf)  A  hornblende -labradorite  rock,  the  former  mineral  more  or  less- 
completely  replacing  augite,  is  characteristic.  The  rounded  outlines 
of  the  ferromagnesian  mineral  give  a  spotted  appearance  to  this  rock, 
which  may  be  considered  as  typical  of  the  locality  (*  bird's-eye '  of 
qoarrymen).  It  varies  remarkably,  however,  in  the  relative 
Quantity  of  the  distinctive  minerals  present,  i.e.,  either  felspar  or 
ferromagnesian  constituents  may  predominate  ;  such  alteration  taking 
place,  sometimes  as  a  gradual  change,  sometimes  as  a  more  rapid 
alternation  of  parts,  of  the  nature  of  banding,  in  which  the  constituents 
are  equally  distributed.'  A  common  variation  results  in  a  fine- 
textured  rock,  more  basic  than  the  average,  in  which  the  hornblende 
is  original  and  not  secondary,  elongated  prisms  predominating  instead. 
of  a  rounded  pottcilitic  form  of  augite ;  and  the  mineral,  as  seen  in 
a  thin  section,  is  almost  opaque  through  the  presence  of  opacite. 
A  banded  structure,  the  occurrence  of  less  clear  and  well-defined 
streaks  differing  mineralogicidly  from  the  surrounding  rock,  and  the 
parallel  arrangement  of  such  a  mineral  as  hornblende  indicate  fluxional 
movement,  and  give  rise  to  the  irregular  approximation  of  varieties^ 
diffenng  considerably  in  composition. 

ib)  Later  dykes  cut  these  rocks,  and  belong  to  at  least  two  periods. 
The  earlier  ai*e  rich  in  hornblende;  the  later,  often  voiy  abundant^ 
consist  almost  entirely  of  felspar, 

A  thin  section  of  the  former  shows  that  hornblende  composes  at 
least  half  the  rock.  It  forms  polygonal  grains  (avemge  size 
•009  inch,  but  frequently  considerably  larger,  say  03  inch),  wliich 
approach  to  an  ophitic  structure  through  the  earlier  ccmsolidation  of 
the  felspars,  but  have  a  tendency  to  gather  into  groups  of  grains  to  the 
entire  exclusion  of  this  mineral. 

The  more  acid  dykes  show  a  strong  tendency  to  follow  the  directions 
taken  by  the  earlier  system,  with  the  result  that  a  kind  of  composite 
dyke  is  produced.  The  variations  in  the  hornblende  gabbro  go  to  show 
that  a  rock  which  forms  a  dyke  in  one  place  may  in  another  pass 
gradually  into  one  on  the  whole  older  which  surrounds  it.  This 
close  relationship  is  strongly  borne  in  upon  the  observer.  Especially 
noteworthy  are  the  large  elongated  hornblendes  in  th(^  felspar  dykes, 
producing  a  close  resemblance  to  the  extreme  felspathic  variation  of 
the  *  bird's-eye.'  The  dimensions  of  the  dykes  exercise  no  influence 
on  the  dimensions  of  the  hornblende. 

'  See  Professor  Bonney's  description:  Quart.  Journ.  Gtol.  Soc,  vol.  xl  (1884), 
p.  425.     Mica  is  rare  in  these  rocks. 
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A  thin  eection  cut  from  one  of  these  shows  that  the  characteristic 
mineral  is  obscured  by  secondary  product**,  but  such  extinctions  as  can 
l^e  seen  indicate  labradorite.  Tlie  crystals  are  occasionally  zoned. 
A  few  grains  of  apatite  and  ilmenite  are  the  only  accessory  minerals. 

The  felspathic  dykes  contain  also  darker  shreds  and  inclusions, 
sometimes  clearly,  sometimes  indefinitely  outlined,  suggesting  that 
a  local  absorption  of  derived  frtigments  attended  the  intrusion. 
Occasionally  a  more  definite  arrangement  of  parts  produces  a  rude 
banding.  Thus  in  one  instance  the  centre  of  sucli  a  dyke,  cutting 
the  ordinary  *  bird's-eye,'  was  dark-coloured  and  close- j?rained,  about 
IJ  inches  across,  and  bordered  by  a  narrow  felspathic  edge,  not 
sharply  marked  off  from  the  surrounding  rock,  while  one  or  two 
identical  felspathic  patches  were  contained  in  the  central  part  and 
were  disposed  roughly  parallel  with  the  direction  of  the  dyke. 

The  dioritic  rock,  referred  to  under  the  heading  Hornblende 
Gabbro  (a),  is  found  also  as  ill-define<l  fragments  lying  in  a  more 
felspathic  matrix,  which  nevertheless  contains  a  considerable  quantity 
of  hornblende.  Other  inclusions  occur,  petrologically  inseparable 
from  the  hornblende  dykes,  while  the  rocks  rich  in  felspar  in  which 
they  lie  are  indistinguishable  from  the  later  dykes  when  these  contain 
hornblende. 

A  note  by  the  Rev.  Kdwin  Hill  and  Professor  T.  G.  Bonney  on 
a  banded  specimen  of  *  long-grain '  and  felspathic  rock  from  here,  is 
of  interest  in  this  connection.'  The  infeit^nces  drawn  as  to  the 
possible  derivation  of  the  hornblende  from  augite  and  the  occurrence 
of  biotite  as  a  derivative  from  the  former  mineral  are  entirely  in 
accord  with  my  own  work,  as  is  also  the  conclusion  that  the  rock 
**  exhibits  an  imperfect  mixture  of  two  magmas"  (p.  137).  A  slight 
difference  in  the  physical  state  of  either  or  both  of  the  magmas 
may  give  rise  on  the  one  hand  to  a  brecciation,  on  the  other  to 
interbanding. 

Examination  of  Bordeaux  Harl)our  and  the  shore  between  Hougue 
k  la  Perre  and  St.  Peter's  Port  did  not  appear  to  me  to  waiTant  the 
conclusion  that  the  hornblende  gabbro  was  genetically  distinct  from 
the  dioritic  rocks  to  the  north  and  south. 

(2)  Sections  on  thk  Nouthekn  and  Wkstebn  Coasts. 

(a)  East  Shore  of  Grande  Havre, — The  quarry  at  the  south-east 
angle  of  Grande  Havre  is  excavated  in  a  fiiie-gniined  mica  diorite 
containing  a  little  quartz.  A  tliin  section  shows  that  the  hornblende 
is  intimately  associated  with  biotite,  which  apparently  replaces  it, 
and  forms  a  kind  of  matrix  to  the  other  minemls.  A  coarser  rock 
consisting  of  plagiochise,  some  orthoclase,  and  a  considerable  quantity 
of  quartz  (sometimes  a  full  thinl  of  the  rock)  is  intrusive  into  it. 
The  junction,  which  is  not  very  doarly  defined,  is  made  apparent  by 
the  gi*eater  size  of  the  felspars  of  the  more  acid  rock,  accompanied  by 
the  development  of  biotite  to  the  exclusion  of  hornblende.  Tlie 
quartz  has  corroded  the  felspar.  The  more  basic  side  of  the  junction 
consists  of  plagioclases  varying  from  oligoclase  to  labradorite,  usually 

'  Quart.  Joura.  Greol.  Soc.,  vol.  xhiii  (1892),  p.  135. 
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with  a  more  translucent  bonier,  a  little  quartz,  a  considerable  (quantity 
of  brown  mica  in  flakes  up  to  '028  inch  across,  and  green  hornblende 
taking  the  form  of  roundcnl  polyj^onal  grains.  Further  observation 
shows  that  the  younger  of  the  two  varies  greatly  in  composition,  and, 
although  usually  containing  hornblende  and  conspicuous  crystals  of 
biotite,  yet  the  dark  minerals  may  be  locally  absent  or  represented  by 
a  group  of  irregularly  disposed  and  elongated  hornblendes,  always 
considerably  larger  than  any  of  the  other  constituents.  Naturally  there 
are  many  minor  variations.  For  example,  a  slab  may  consist  of  two 
slightly  different  rocks,  distinguished  principally  by  their  relative 
amounts  of  hornblende ;  the  less  basic  containing  drawn-out  patches 
of  a  finer  textured  and  darker  rock.  Fluxional  movement  is  indicated 
by  bands  of  different  mineral  composition,  which  occasionally  are 
traceable  for  eight  or  ten  feet.  The  almost  invariable  presence  of 
quartz  and  the  common  occurrence  of  large  ragged  plates  of  biotite 
distinguish  these  rocks  at  once  from  the  hornblende  gabbro  of  the  east 
coast. 

{h)  The  East  Coant  North  of  the  Hornblende  Oahhro.  — At  Horn  met 
Bennest,  to  the  north  of  Bordeaux  Harbour,  we  find  a  close-grained 
diorite  weathering  grey  through  the  presence  of  felspar,  which 
predominates  slightly  over  the  hornblende.  This  rock  is  veined  and 
streaked  by  one  still  more  felspathic,  which  contains  a  ferromagnesian 
mineral.  The  older  of  the  two  rocks  consists  of  a  felspar  too  opaque 
for  determination,  slightly  earlier  in  consolidation  than  the  hornblende, 
an  altered  mica,  and  a  little  magnetite.  Small  patches  of  quartz  and 
a  translucent  felspar  are  found  here  and  there.  Hornblende  bonlering 
these  patches  assumes  the  form  of  an  actinolitic  fringe.  Comparison 
with  other  slides  suggests  these  patches  are  the  early  stages  of 
a  permeation  by  a  more  acid  magma. 

(r)  From  Vale  Castle  to  Fort  Norman. — A  uniform  blue-coloured 
quartz-diorite  with  no  clear  signs  of  veining  or  intrusion  is  quarried 
along  the  shore  to  the  north  of  Vale  Castle.  This  is  a  variety  of  the 
older  rock  of  Grande  Havre  Quarry — a  quartz-mica  diorite.  We 
meet  with  a  very  similar  rock  to  the  west  of  Lancresse  Common,  but 
differing  in  being  richer  in  quartz  and  biotite.  In  both  slides  the 
felspars  are  often  zoned,  the  outer  border  more  translucent  than  the 
centre,  while  the  higher  extinction  angle  and  irregular  outline  of 
the  central  part  suggests  the  corrosion  of  a  basic  species.  A  little 
more  than  half-wav  between  the  Castle  and  the  Fort  the  diorite  is 
cut  by  a  lighter- colon  red  and  coarser  rock,  containing,  however,  some 
quantity  of  hornblende,  which  locally  assumes  an  elongated  outline. 

The  character  of  the  intrusion  is  irregular  and  streaky.  On  a  jutting 
headland  to  the  south  of  the  Fort  is  a  fine-grained  diorite  like  that 
of  Hommet  Bennest,  consisting  of  hornblende  and  felspar,  the  latter 
slightly  the  earlier  in  crystallization,  some  is  untwinned,  but  plagio- 
claaes  occur  varying  from  oligoclase  to  labradorite.  It  is  broken 
by  veins  or  dykes  of  a  felspathic  rock  speckled  with  hornblende. 
Occasionally  dykes,  about  an  inch  wide,  can  be  traced  for  five  or 
six  feet.  A  thin  section  across  the  junction  exhibits  the  following 
association  :  a  fine  -  grained  quartz -free  hornblende  plagioclase  rock 
on  the  one  side,  a  coarser  quartz  hornblende  felspar  rock  on  the  other. 
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The  latter  is  the  intruder,  but  the  boundary  between  the  two  is  quite 
indefinite,  partly  no  doubt  owing  to  the  opaque  state  of  the  felspars, 
which  hinders  a  precise  determination.  In  tlie  older  rocks  the  horn- 
blende formed  after  the  plagioclose*  and  is  locally  replaced  by  biotite ; 
in  the  younger  the  quartz  is  inconspicuous,  and  plagioclase  is  plentiful 
(oligoclase  to  labrudorite),  with  a  tendency  towartis  idiomorpbisiu. 

A  striking  contrast  exists  between  this  rock  and  the  intrusive 
member  at  Grande  Havre.  Not  only  is  the  latter  coarser,  but  its 
plentiful  quartz  and  biotite  distinguish  it  at  once  from  tiny  rock  on 
the  east  coast,  while  the  former  is  not  unlike  the  late  felspathic 
.dykos  cutting  the  hotublende  gabbro. 

{d)  East  and  South  of  Fort  Marchant. — At  the  southern  end  of  the 
Fort  Marchant  peninsula  the  diorite  contains  rounded  hornblendes, 
resembling  the  spots  on  a  trout,  with  which  is  associated  a  variety 
containing  the  same  mineral  us  elongated  prisms.  Both  are  veined  by 
a  third  rock,  richer  in  felspar  (some  orthoclase  and  acid  plagiocloses), 
.and  containing  a  little  quartz,  some  biotite,  and  green  hornblende. 

This  assemblage,  for  the  members  cannot  well  be  separated,  passes 
into  a  rock  which,  although  poorly  developed,  is  identical  with  the 
'  bird*8-eye '  of  the  shore  to  the  north  of  St.  Peter's  Port.  It  contains 
segregations  of  hornblende  and  locally  more  felspathic  patches  con- 
taining hornblendes,  connected  in  some  instances  with  irregular  veins. 

Similar  phenomena  of  variation,  and  intrusion  which  may  be  called 
intermingling,  are  abundant  elsewhere  in  the  northern  part  of  the 
island.  Thus  we  find  evidences  of  a  brecciation  more  or  less  sharply 
•defined  all  over  the  quarries  near  the  Saumerez  Monument. 

The  younger  rock  is  of  a  more  granitic  composition  than  that  into 
which  it  has  forced  its  way,  and  when  pure,  i  e.  unossociated  with 
fragments,  seemingly  not  rich  in  either  black  mica  or  hornblende. 
The  older  rock  is  a  quartz-diorite,  on  the  whole  uniform  in  texture, 
but  which  contains  mure  basic  fragments,  having  edges  sometimes  well 
defined,  sometimes  passing  into  the  surrounding  rock  in  a  cloudy  way, 
a  zone  half -an -inch  or  so  wide  being  common  to  both. 

Locally  the  invading  rock  is  distinctly  streaky;  the  whole 
8Ug(<estiug  that  the  older  member  was  in  a  state  of  imperfect  con- 
solidation at  the  time  of  the  intrusion  of  the  more  acid  magma,  and 
that  some  absorption  took  place. 

The  hornblende-felspar  rocks  south  of  Fort  Norman  and  from 
Hommet  fiennest  are  essentially  the  same  us  the  more  basic  parts 
of  rocks  from  the  west  of  Foi-t  Doyle  and  the  black  dykes  cutting  the 
*  bird's-eye  '  of  the  St.  Sampson's  area. 

Condmions. 

1.  That  in  the  northern  half  of  (luernsey  we  have  a  scries  of 
igneous  rocks,  which,  with  the  probable  exception  of  some  granites 
on  the  west  coast,  ai*e  related  to  each  other  as  the  products  of 
differentiation  of  a  single  magma. 

2.  Some  evidence  exists  for  a  progressive  incre  ise  in  acidity  in  going 
north  and  west. 
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Y. — On  a  new  Bbachtubous  Crustacean  from  thk  **  CLYPErs-Gnn^* 
(Inferior  Oolitk)  of  the  Coti-eswold  Hills. 

By  Henry  Woodward,  LL.D.,  F.R.S.,  F.G.S., 
late  Keeper  of  Geology,  British  Museum  (Natural  Hintory). 

IN  November  last  Mr.  L.  llichartlson,  of  Cheltenham,  very  kindly 
sent  me  (with  other  fossils  for  inspection  and  determination)  the 
carapace  of  a  small  Crustacean  from  the  ^^  Clt/peus-Gnty  of  the 
Cotteswolds,  which  had  been  picked  up  and  given  him  by  Mr.  C.  L. 
Walton.  As  Mr.  Richardson  anticipated,  the  species  proves  to  be  new 
to  this  country,  and  I  readily  obtained  his  permission  to  describe 
the  same. 

Forty  years  ago  (in  November,  1866)  I  communicated  to  the 
Geological  Society  of  London  an  account  of  the  then  oldest  known 
British  crab,  Palainachus  lougipei,  from  the  Forest  Marble  of  Malines- 
bury,  Wilts  (see  Quart.  Journ.  Geol.  Soc,  vol.  xxii  (1866),  pp.  493-494, 
pi.  xxiv,  tig.  1 ),  obtained  by  the  late  Wm.  Buy,  of  Christian  Malford, 
the  well-known  collector  of  Oxford  Clay  and  Oolitic  fossils.  This 
form  (which  has  the  limbs  preserved  and  still  attached  to  the  carapace) 
agrees  closely  with  the  living  *  Spider-crabs '  of  the  genus  Inachus, 
and  differs  generically  from  the  newly-discovered  fossil.  Two  years 
later,  in  1868,  I  described  an  Oolitic  crab  from  the  **  Stonesfield  Slate," 
of  which  three  specimens  (two  of  them  very  imperfect  and  one 
a  nearly  perfect  carapace)  are  known.  It  was  named  by  me  Prosopon 
mammillatum  (see  Geol.  Mao.,  1868,  p.  1,  PL  I,  Figs.  2,  2a),  This 
crab  carried  the  Brachyurous  Decapods  considerably  further  back, 
chronologically,  than  the  Forest  Marble  example,  which  in  its  turn 
has  now  been  surpassed  in  age  by  the  newly-discovered  specimen  from 
the  **  Clypem-ijnt  **  of  the  Interior  Oolite.  The  Stonesfield  crab, 
Prosopon  mammillatum,  although  near  generically  to  the  new  crab,  is 
twice  its  size,  and  differs  in  several  important  details  from  it — 
especially  in  the  frontal  region  of  the  carapace — but  the  absence  of 
limbs  and  other  ventral  and  oral  structures  renders  strict  determination 
rather  unsatisfactory. 

Fortunately  Professors  Eeuss'  and  Herman  von  Meyer'  have  described 
and  figured  three  genera  and  twenty-nine  species  of  small  crab 
carapaces,  some  fifteen  of  which  have  been  refigured  by  me  in  Salter  & 
Woodward's  Chart  of  Fossil  Crustacea.'  These  are  from  the  Upper 
White  Jura  of  Oerlinger  Thai  and  other  localities  in  Germany,  also 
one  from  the  Lower  Oolite,  three  from  the  Coral  Hag,  and  one  from 
the  Neocomian.  in  my  paper  in  1868  (Geol.  Mag.,  January,  pp.  •3-4), 
I  endeavoured  to  separate  von  Meyer's  Oolitic  species  of  the  cccuus 
Prosopon,  and  refeiTed  eleven  of  them  with  some  h(^sitation  to  Eell's 
genus  Plagiophthalmm  (op.  cit.,  p.  4).  Of  the  remaining  species — 
still  retained  by  me  in  the  jienus  Prosopon — those  most  nearly  reliited 
to  the  new  species  from  the  ^^  Cli/peus- Grit  ^^  are  P,  viaryinatum, 
P.grande,  P.  excisum,  and  P.  lingulaium.  To  these  also  most  probably 
belong  P,  elongatum  and  P,  suhlave. 

*  Sitzon^b.  k.k.  Akad.  d.  Wiss.  in  "VVien,  xxxi,  1858. 

•  Mon.  ProsoponidaB  :  Palajontographicn,  18.')9-61,  Bd.  vii,]).  183,  t.  xxiii  (Cassel). 
'  Catalogue  and  Chart  Fossil  Crustacea,  1865,  figs.  1-15. 
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Subclaw  HALACOSTKACA. 

Order  I.     PODOPHTHALMA. 

Suboider  I      BRACUYURA. 

pEoeopoM  EiCHABDSoNi,  K  Woodwaiil,  ep  nor.     (Fig.  1.) 


Fig.  I. — pKMOfxm  Stchardiom,  H 
Woodw  ,  ep  noT  Enlarged  ^ 
limes  nat  t\K  Clyprut  -  Gnt, 
iBferior  Oobte  South  CotUa 
'wolds.  ^rom  the  colioction  of 
Hr.  LiDBdall  Richardson,  F  G  8  , 
of  Cheltcabim. 


Fia.  2. —  Outline  key-ligare  to  n^nns  of 
cewpace  of  Frmopim  KichardtMi,  H.  W; 
J{.  nwtnim:  U.  orbit;  Ai.  hepatic  spine; 
St.  cervical  furrow ;  SI.  lateral  fuirow ; 
JfP.poateriDimargin;  ffr. epinutriclobe; 
H.  hepatic  region ;  O.  gasinc  lobe ;  C. 
catdiao  region  ;  Br.  branchial  region ; 
Be.  cpibrancMa!  lobe. 


BiagHOiit  — Carapace  2 1  mm  long  by  1 5  mm.  broad  ;  frootal  border 
broadly  triangular,  converging  from  the  small  hepatic  apines  (A#.)  OD 
the  margin  of  the  btpatic  region  (ZT.),  where  the  width  is  14mm.,  to 
the  obtusely  piomiaeut  rostrum  {R.),  the  frontal  lateral  margins  being 
at  first  slightly  eoncare,  but  becoming  roundly  convex  as  they  join 
the  rostrum,  which  is  curved  downwards  at  its  point  and  furrowed 
along  its  centre.  The  orbits  (0.)  are  not  clearly  to  be  made  out. 
The  gastric  lobe  (C)  lies  in  front  of  the  cervieal  furrow  {5(.), 
und  is  9  mm.  broud  at  its  base,  its  sides  uniting  to  form  with  the  base 
a  triimgle,  6  mm.  long,  terminating  in  a  nanow  acuminate  point  on 
the  eentrc  line  of  the  earapaee,  where  it  merges  in  the  rostral  furrow. 
Immediately  behind  the  gastriu  lobe  is  the  cardiac  region  [  C),  forming 
a  shield -shaped  cscutehcoD,  5  mm,  broad  \a  front,  and  terminating 
behind  in  a  point  6  mm.  from  the  cervical  furrow  on  the  central  line 
and  5  mm.  from  the  posterior  margin  {MP. ) ;  the  lateral  furrow  (<$I.) 
crosses  the  carapace  4  mm,  behind  the  cervical  furrow  (Sc.)  and 
noiirly  parallel  with  it,  but  is  interrupted  by  the  shield-shaped  cardiac 
escutcheon  io  the  centre  of  the  carapace,  which  is  here  13  mm.  broad; 
this  furrow  divides  the  branchial  region  into  the  epibranchial  {Ba.) 
in  front  of  {SI.)  and  the  branchial  (^r.),  which  lies  behind  it.  The 
carapace  is  rounded  on  its  posterior-lateral  border,  and  contracts  to 
its  posterior  margin  {MP.),  wMch  is  7  mm.  in  breadth  and  slightly 
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emarginate.  There  is  no  evideiice  of  any  abdominal  or  caudal  segments 
having  been  preserved,  the  ventral  surface  being  firmly  imbedded  in 
very  burd  mataix. 

There  is  evidence  of  the  presence  of  four  minute  rounded  tubercles 
on  the  surface  of  the  cardiac  region  (6?.),  but  as  the  carapace  is 
decorticatt^  it  may  have  had  other  small  papillae  upon  its  peHect  test. 
No  appendages  of  any  kind  are  preserved. 

Fbrmation, — **  Cfypeus-Giity**  Inferior  Oolite. 

Locality, — Tor  Hill,  near  Wotton-under-Edge,  South  Cotteswolds. 

CoQeetion. — Mr.  Linsdall  Richardson,  Cheltenham. 

MemarJu. — Although,  thanks  principally  to  the  memoir  of  Herman 
von  Meyer  (1859),  we  are  acquainted  with  quite  a  number  of  small 
carapaces  of  Crustacea  of  an  oblong-oval  form,  from  strata  somewhat 
similar  in  character  and  age  to  tihat  now  under  consideration,  it  is 
difficult  without  a  knowledge  of  their  appendages  or  the  ventral 
surface  of  the  carapace  to  place  such  forms  more  than  ajroroximately 
in  their  natural  family,  in  relation  to  existing  forms.  TherB  is,  too^ 
a  strong  tendency  amongst  these  earlier  Secondary  Crustacea  to  present, 
in  the  same  individuals,  characters  observed  to  be  peculiar  to  distinct 
families  in  more  modem  times. 

Thus  it  becomes  difficult  in  the  species  of  the  genus  /Vom^^,  which 
are  only  known  by  their  carapaces,  to  refer  them  to  the  Maioidea 
(sOxyrhyncha),  the  Leucosiidea  (—Oxystomata),  or  to  the  Anomura 
(»  Anomala),  to  each  of  which  groups  they  seem  to  show  synthetic 
relations. 

In  the  evolution  of  the  short-tailed  crabs  (Brachyura)  one  feature 
of  great  interest  is  the  very  noticeable  change  in  the  form  of  the 
carapace  or  cephalothorax.  Thus  in  most  modem  crabs  the  body  is 
broader  thun  it  is  long,  but  in  the  earliest  forms  it  is  longer  than 
broad.  If  the  elongation  of  the  cephalothorax  is  further  accompanied 
by  the  exposure  of  the  abdomen,  which  in  most  of  the  section  Brachyura 
is  quite  small  and  carefully  concealed  beneath  the  cephalothorax,  then 
the  division  between  the  short- tailed  crabs  (Brachyura)  and  the  long- 
tailed  lobsters  and  prawns  (Macroura)  disappears,  and  they  become 
one  group  (the  Decapoda). 

No  crabs  are  met  with  after  the  close  of  the  Secondary  period,  but 
the  Macroura  are  found  in  the  Carboniferous  rocks.  These  show 
evident  signs  of  a  further  modification  in  structure,  and  we  find  many 
characters  of  the  Schizopoda  (the  Squillidae  and  Mysidae)  incorporated 
into  the  Macrouran  Decapods  of  the  Coal  period.  Thus  the  Podoph- 
THALiLi  (stalk -eyed  Crustacea),  which  exist  now  and  in  Oolitic  times 
as  three  distinct  suborders,  were  apparently  represented  in  earlier  post- 
Carboniferous  times  by  two  and  in  Carboniferous  times  by  only  one 
order.  In  point  of  fact,  it  is  amongst  these  earlier  individual  forms 
of  Arthropods  that  we  should  naturally  expect  to  find  those  more 
generalized  characters  which  occur  in  several  distinct  types  only 
at  a  much  later  period  in  geological  time. 

I  dedicate  this  little  crab  to  Mr.  Linsdall  Richardson,  who  has 
devoted  so  much  time  to  the  unravelling  of  the  stratigraphy  of  the 
Inferior  Oolite  of  the  South  Cotteswolds  of  the  Bath-Douiting  district. 
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YI. — Off  T9X  Stbatigrapbical  Posinov  of  thb  Beds  fbom  which 

PbOSOPOK  RlCHAEDSOSIy    H.  WOOOWABD,    WAS  OBTAiyED. 

By  L.  BlCHARDBOK. 

VS  some  months  will  elapse  before  the  results  of  my  investigations 
of  the  Inferior  Oolite  and  contiguous  deposits  of  the  district 
between  Doulting,  near  Shepton  Mallet,  and  Stroud,  are  published,  in 
order  to  show  from  which  beds  the  Prosopon  described  by  Dr.  Henry 
Woodward,  F.R.S.«  was  probably  obtained,  it  appears  desirable  to  give 
an  outline  of  certain  of  these  results. 

In  the  Doulting-Bath  distiict  the  greatest  number  of  subdivisions 
of  the  Inferior  Oolite  that  can  be  recognised  are  six.  They  are,  in 
ascending  order,  the  Upper  Trigonia-Qixit^  Dundry  Freestone,  Upper 
Coral-Bed  (or  ''Coralline  Beds"),  Doult^ng  Stone,  AnabacialAme'' 
stones,  and  certain  rubbly  beds,  which,  for  want  of  a  better  term,  may 
be  called  tiie  '*  Rubbly  Beds."  In  the  whole  of  this  Doulting-Bath 
district  there  is  no  Inferior-Oolite  deposit  of  -^xe-garantiana  date. 
The  deposit  of  garantiana  hemera,  the  Upper  IVigonia-Qnt^  when 
traced  from  the  neighbourhood  of  Bath  towards  the  Mendip  Hills  is 
seen  to  transgress  iSie  outcrop  edges  of  successively  older  beds.  In 
a  shaft  on  Timsbury  Sleight,  Timsbury,  near  Radstock,  and  also  in 
the  roadside  section  at  Midford,  it  is  seen  to  rest,  non-sequentially 
of  course,  upon  the  Midford  Sands.  In  the  section  by  the  railway 
bridge  at  Wellow  it  rests  upon  the  Cephalopod-Bed  of  these  parts, 
which,  instead  of  coming  above  the  *'  Sands,"  as  does  the  Cephalopod- 
Bed  of  the  Cotteswold  Hills  around  Wotton-under-Edge,  comes  helota. 
In  the  iftil way-cutting  at  Mells-Road  Station  the  meagre  repi*e8entative 
of  the  Upper  lyigonia-Qnt  reposes  directly  upon  Liassic  clays ;  but 
in  the  Yauis,  near  Frome,  the  ''grit"  has  been  overstepped  by  the 
Doulting  Stone,  which  may  be  seen  near  Hapsford  Mills,  Elm,  resting 
on  a  very  much  bored,  planed,  and  oyster-covered  surface  of  the 
Rhcetic  White  Lias,  and  in  the  same  neighbourhood  upon  an  equally 
bored,  planed,  and  oyster-covered  surface  of  the  Carboniferous 
Limestone. 

Above  the  Upper  lyigania-Qiit  in  the  neighbourhood  of  Timsbury 
Sleight  is  a  representative  of  the  Dundry  Freestone,  and  above  that 
deposit  the  Upper  Coral-Bed.  The  geographical  extent  of  the 
freestone  in  this  area  is  very  restricted.  It  is  represented  in  a  section 
at  English  Combe,  near  Bath,  but  it  is  absent  from  the  section  at 
Midford,  where  the  Upper  Coral-Bed  rests  non-sequentially  upon  the 
Upper  2yigonia'Qnt,  The  Upper  Coral-Bed,  on  the  other  hand,  has 
a  very  considerable  geographical  extent.  It  is  intermittent,  it  is  true, 
but  by  means  of  its  corals,  brachiopods,  and  micro-organisms,  it  can 
be  demonstrated  that  the  well-known  coral-beds  of  Midford,  Rodborough 
Hill,  and  Worgen's  Quarry,  near  Stroud,  and  the  **  Coralline  Beds  "  ot* 
Dundry,  are  widely- separated  patches  of  a  contemporaneous  deposit. 

The  remaining  intervening  deposits  between  the  Upper  Trigonia- 
Grit  and  the  Fullers*  Earth,  namely,  the  Doultinp:  Stone,  Anahacia- 
Limestones,  and  Rubbly  Beds,  may  collectively  be  called  the  **  Doulting 
Beds."  As  far  as  I  can  see  at  present  the  beds  known  as  the  **  Clypeui^ 
Grit"  in  the  Cheltenham  District  are  equivalent  to  these  Doulting 
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Beds.  As  far  north  even  as  Nails  worth,  near  Stroud,  it  is  quite  easy 
to  identify  the  equivalents  of  the  Doulting  Stone  and  ^iijfta^Vi- Lime- 
stones; but  the  Doultinfc  Stone  has  becoaie  much  more  rubbly  and 
fossiliferous.  At  Scar  Hill,  Nailsworth,  the  top-portion  of  the  beds, 
which  I  correlate  with  the  ^iiad<i^0-Lime8tones,  are  incipiently 
mbbly ;  and,  indeed,  as  these  Doulting  Beds  are  traced  farther  north 
they  become  as  a  whole  more  rubbly,  until  in  the  Clt/petu-Giit  of 
Cleere  Hill,  to  the  north-east  of  Cheltenham,  it  is  not  easy  to  identify 
the  equivalents  of  the  Doulting  Stone,  Anahacia-Limestones,  and 
Rubbly  Beds,  although  it  can  be  done  with  a  tolerable  degree  of 
oertainty. 

The  quarry  at  Tdr  Hill  may  be  divided,  for  descriptive  purposes, 
into  two  portions— a  lower,  in  which  the  massive  oolitic  limestones 
(which  in  this  neighbourhood  occur  immediately  below  the  Upper 
7H/<mta-Grit)  are  worked  ;  and  an  upper,  in  which  the  Upper  Drigonia' 
Grit  and  rubble  of  higher  beds  was  formerly  quarried. 

The  carapace  of  the  Prosopon  given  to  me  by  Mr.  C.  L.  Walton  was 
picked  np;  it  was  not  found  in  siM ;  but  from  the  matrix  I  have  no 
doubt  whatever  that  it  came  from  the  Doulting  Beds,  and  probably 
from  that  division  of  them  which  corresponds  to  the  ^n^orta-Limestones 
of  the  Doulting-Bath  district.  Unfortunately,  however,  only  rubble 
of  these  beds  caps  the  Tor-Hill  section,  but  at  Winner  Hill — the 
next  promontory  to  the  south --there  is  a  quarry  in  which  a  very 
satisfactory  view  of  these  top-beds  is  obtainable.  The  section  is  as 
tallows : — 

QUARBT  AT  WlNNBH  HiLL,   NBAR  WoTTON-UNDBB-EdOB. 

Thickness  in 
ft.    in. 
Rnbbly  Beds?        1.  Limestone,  coarseljr  oolitic,  the  edges  of  the  flaggy 

pieces  weathering  into  an  oolitic  *  marl  * ;  Terebratula 
glohata^  Sow.,  Rhynehonella  cf.  hampeneruiSf 
8.  Buckman,  not  uncommon  in  a  bed  at  2  feet  above 
the  base.  The  bottom-bed  is  more  regular  and  has 
an  even  under-surface :  seen  3  or  4  feet     3    6 

Ammbaeta-lAme'     2.  Limestone,  harder  than  the  beds  below,  fine-grained 
■tone  eqaivalent.  matrix    with    large     yellowish    oolite  -  granules  ; 

maximum       ...         ...        ...        ...        ...        ...       1     1 

3.  Limestones,  yellowish,  somewhat  coarsely-oolitic  in 

l#Att^«v9  •••  •••  •••  •••  »••  •••  ••#        ^      w 

Doolting-Stone       4.  Limestone,  greyish,  fairly  distinct  bed  on  the  south 

eqniTalent.  side  of  the  quarry  ;  no  fossils  recorded       0  11 

6.  Limestone;  Ter,  globatUy  Rhynehonella^  sp.  indet., 
Pceten  {Syneycloiuma)  nS,  demis»u*i  Phillips, 
^^/^M^a  sp.  (same  form  as  at  Doulting)      0    6 

6.  Limestone,    massive,    rubbly  at    the    base,    where 

Ter.  globata^  Rhyn,  cf.  hampenensis  are  not  un- 
common;  AcanthothyrxM  ipinoMa  {^Q\{io\\i,)  ...       1     9 

7.  Parting  of  brown  shaly  matter  0    OJ 

8.  Limestone,  very  hard,  but  rubbly  at  the  centre ;  Pecten 

(Syneyclonema)  a£f.  demisms^  Phillips,  Ter.  glohata 

(me),  Acanthoihyris  ftpinoaa  ...         ...         ...       3     0 

^.  Brownish  marly  deposit,   no  micro -organiflms  seen 

(C.Upton):  0  to  2  inches 0     1 
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ft.  in. 

10.  Lhnestone,  grey,  oolitic,  with  a  Tory  aneven  top : 

4  to  8  inches  ...        ...        ...        ...        ...        ...      0    6 

11.  Limestone,  mbbly,  slightly  ironehot :  2  to  5  inches  ...  0    3{ 

Upper  Trigotiia'  12.  Ragstone,    hard,    grey,    shelly ;     J^onia    eottata 
Grit.  (common    in    the  upper   portion),   AeatUhoik^^ 

ipiuoMf  Ttr.  globatay  Fteria  digUata,  Nerimtm  sp. 
The  top-surface  is  covered  with  oysters,  and  bored 
in  places  by  Xi^AopAd^i :  seen         2    0 

It  was  from  rabble  of  the  Anahacia^Limeetone  equiTalent,  I  thinks 
that  the  Pro9opon  was  obtained  at  Tor  Hill. 

Concerning  the  Winner- Hill  section,  it  may  be  remarked  that  there  w 
no  clear  representative  of  the  Dundr  j  Freestone  or  of  the  Upper  Coral- 
Bed.  The  oyster-covered  and  bored  top-portion  of  the  Upper- 2H^( 
Grit  hints  at  a  non-sequence. 


Til. — NoTX  on  THB  OccnaftBNCB  or  Axtana  Books  nr  thb  Wmsi  of 

ISELAKB.  ;, 

By  H.  B.  MuFT,  B  Jl.,  F.Q.S.,  and  R.  G.  Gabbutbsu. 

WHILST  examining  the  tract  of  Lower  PidsBosoic  rocks  and* 
metamorphic  schists  around  Kfllary^  Harbour,  iti  Connemara| 
(an  examination  primarily  undertaken  t6  ascertain' the  relations  of  the 
lOBsiliferous  sediments  to  the  schists  in  that  area),  an  extensive  tract' 
of  Arenig  rocks  has  been  discovered  on  both  sides  of  the  harbbur. 
In  1905  Didymograpti  of  the  extensua  and  tuperttes  types  were  found, 
and  during  last  bummer  several:  specimens  of  FhyUograpttu  and 
Tetroffrapius  also,  together  with  many  other  forms. 

Professor  Lapworth  and  Miss  Wood  (Mrs.  Shakespear),  who  kindly 
examined  some  of  the  best  preserved  specimens,  are  of  opinion  that 
certain  of  the  graptolites  resemhle  American  forms,  and  may  include 
genera  and  species  new  to  Britain,  though  they  do  not  wish  to  give 
a  definite  opinion  until  more  specimens  have  heen  obtained.  From 
the  evidence  already  before  us  it  would  appear  that  either  a  g;reat 
reversed  fault  or  upturned  thrust  plane  must  separate  the  Arenig  rocka 
on  the  north  from  Ludlow  beds  on  the  south.  The  members  of  both 
groups  dip  to  the  north,  the  Ludlow  rocks  passing  beneath  the  Arenig 
strata.  It  may  be  added  that  an  abundance  of  rock-sections  and  an 
apparent  absence  of  acute  folding  give  every  hope  that  the  structural 
relations  of  the  rocks  and  the  distribution  of  this  peculiar  fauna  may 
be  fully  elucidated  in  the  near  future. 

On  the  maps  of  the  Geological  Survey  published  in  1874  the 
lowest  fossiliferous  Silurian  rocks  (Doolough  Beds)  are  lettered  h\  and 
arc  referred  somewhat  doubtfully  to  the  Lower  Llandeilo  in  the 
Memoir  on  Sheets  83  and  84.  During  the  revision  of  the  district  in 
1896  black  shales  with  Lower  Llandeilo  fossils  were  proved  in  several 
localities,  and  it  was  suggested  that  *'  perhaps  even  Arenig  graptolites  " 
might  be  present.^ 

*  Annual  Report  of  G^l.  Sonr.  for  1896,  p.  49. 
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Vlll. — IToT£  OK  THI   BAlXTCilSTU  CoALYIELD,    Co.   AvTBlM. 

Bj  Orbntillb  a.  J.  Cols,  F.Q.S. 

TH£  recent  deyelopment  of  mining  in  the  central  area. of  the 
Balljcastle  Coalfield  in  Co.  Antrim  has  given  rise  to  sevm^l 
articles  in  the  daily  Press,  and  it  seems  worth  while  to  point  out  that 
tfaa  occurrence  of  coal-seams  in  the  interior  of  the  field  was  long  ago 
wored  by  borings  (see  Geological  Survey  Memoir  to  Sheets  7  and  8, 
Ireland,  publish^  in  1888) ;  while  Mr.  8ymes*s  longitudinal  section, 
Sbeet  ^,  published  by  the  Geol<^cal  Survey  of  the  United  Kingdom 
in  1890,  indicated  faithfully  the  geological  conditions.  The  possibility 
qI  farther  development  is  also  mentioned  in  '*  Ireland,  Industrial  and 
Agricultural,"  published  by  the  Department  of  Agriculture  for 
Ireland  in  1901. 

It  was  left,  however,  for  the  North  Antrim  Mining  Syndicate,  in  the 
last  two  years,  to  make  a  systematic  trial  of  the  coalfield,  and  to  prove 
the  exact  position  of  the  seams  of  coal.  The  shaft  that  has  now  been 
sank,  under  Mr.  Braude's  direction,  is  the  result  of  well-planned 
preliminary  borings.  It  is  hardly  necessary  to  add  that,  despite  the 
assertions  of  the  Press,  the  Director  of  the  Geological  Survey  ot 
Ireland  did  not  famish  any  report  on  the  capacity  of  the  field  to  Uie 
Mining  Syndicate,  though  he  was  freely  shown  what  was  going  on. 
Mr.  Brando  was,  moreover,  able  to  point  out  an  extension  of  the 
CaleHerons  Sandstone  at  one  point  to  the  south  of  the  line  drawn  on 
the  geological  map  of  1887,  and  Mr.  McHenry  has  since  revised  this 
boundary  for  the  Survey.  But  no  conflict  of  opinion  has  been  raised 
between  former  and  present  members  of  the  Survey  Staff,  the 
geological  relations  of  the  strata,  coal-seams,  and  ironstone  being 
already  correctly  appreciated.  Professor  Hull's  statement  in  the 
Report  of  the  Koysl  Commission  on  Coal  Supplies  in  1905,  to  the 
effect  that  the  resources  of  the  Bally  castle  area  **  may  be  considered  as 
practically  exhausted,"  was,  it  may  be  added,  regarded  in  Ireland  with 
some  astonishment,  in  view  of  the  records  published  under  his  care 
some  eighteen  years  ago.  It  is  probable  from  the  context,  however, 
that  Professor  Hull  was  thinking  of  the  region  bordering  on  the  coast, 
and  did  not  consider  the  inland  area  in  preparing  his  repoii;. 


R  El  "V^  I  B3  ^^^  S  . 

I. — The  TaEMADOciAjr  Series  op  Swkden.     Note  upon  the  *'  Bidraq 

TILL  Kannkdomen  om  Ceeatopygekeuionen/'  witu  special  hkfkk- 

xircE  TO  ITS  Development  in  the  Dihtkict  of  Fagklsang  in  Skave. 

By  J.  C.  MoBERo  and  C.  0.  Skoerbehg,  Med(klande  fr&n  Lunds 

Geologiska  Faltklub.     Ser.  B,  No.  2.     Liiml,  1906. 

rilHE  memoir  before  us  forms  the  second  of  an  important  serii^s  of 

X       monographs  devoted  to  the  study  of  the  detailed  ])aloBoiitology 

and  subdivision  of  well-recognized  strati  graphical  series  as  developed 

in  South   Sweden  and  Scandinavia  generally.      Tin?  present  volume 

deals  with  the  series  which  Dr.  Marr  would  term  Tix'raadocian,  and 

affords  a  powerful  plea  for  the  retention  of  that  series  as  the  basal 

member  of  the  Ordovician  svstem. 
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A»  stated  in  the  preface,  it  would  seem  that  the  work  lor  the  memoir 
was  begun  by  the  author  whose  name  appears  second,  and  submitted  as 
a  degree  thesis  to  the  Lund  University  as  long  ago  as  1895.  Much  of 
the  material  then  collected  was,  however,  quite  new,  and  as  its  deter- 
mination demanded  more  time  than  its  collector  could  afford,  it  was  in 
1900  allowed  to  pass  by  purchase  to  the  collections  of  the  TJniversity 
Museum.  Coming  then  under  the  direct  notice  of  Professor  Moberg 
the  material  has  later  been  further  worked  up  by  him,  to  whom  the 
arraugement  of  the  present  paper  is  doubtless  due.  The  memoir  is 
preceded  by  an  author's  bibliography,  which,  except  for  the  strange 
omission  of  such  names  as  Sedgwick,  Kamsay,  Salter,  and  other  founders 
of  our  British  Tremadoc  Series,  seems  to  be  quite  complete.  The 
memoir  is  divided  into  live  sections,  which  we  may  consider  in  order. 

Tart  I  is  an  abstract  of  the  papers  mentioned  in  the  bibliography, 
which  are  quoted  as  a  history  of  palseontological  discovery  among  the 
Ceratopype-beaxing  beds  of  Scandinavia  and  the  European  continent 
generally,  and  discusses  at  some  length  the  various  stages  in  the 
evolution  of  the  modem  view  as  to  their  classification  and  strati- 
graphical  position.  The  argument  is  exceedingly  clear,  and  if  a  little 
one-sided  is  only  an  advocate's  way  of  stating  a  strong  case.  A  similar 
treatment  of  the  history  of  the  shales  with  Biotyograptw  and  the 
contemporaneous  sandstones  and  conglomerates  with  0oolu9  follows, 
and  this  with  a  review  of  the  recent  palasontological  achievements 
among  Tremadoc  rocks  of  Britain  and  America  concludes  the  first  part 
of  the  memoir. 

Part  II  is  devoted  to  a  consideration  of  the  possibility  of  a  further 
subdivision  within  the  Ceratopyge  regio  of  various  parts  of  Sweden. 
In  the  opening  section  the  Ceratopyge  regio  is  defined  as  being  the 
contemporaneous  equivalent  of  the  beds  2e  and  da  of  Br6gger*a 
Eristiania  classification.  The  Regio  is  therefore  directly  underlain 
by  the  well-recognized  zone  of  Peltura  scarahaoidee,  and  is  overlain  by 
the  equally  characteristic  zone  2  of  Tdrnquist's  Lower  Bidymograptue 
shales  (zone  of  DidymograptM  haltieue).  Three  very  distinct  &cies  of 
sedimentation  are  recognized,  and  the  corresponding  palseontological 
table  of  equivalents  is  set  out  as  follows : — 

Graptolxtic  Facibs.    Brachiopod-bkajuno 

Facibs. 
Zone  with  Tetragrop^    Not  yet  studied. 

tui  phyUograptoide* 

(zoDe  1  of  Toroquist's 
Didymttyraptu*  shales). 
Zone  of  ClvnograptuM     Not  separated  from 

A^TM (Wgd.), MSS.,      lower  zone;  contains 

n.sp.  Oholut  ApoUinit, 


Upijer 

DlYlSlOB. 


T&XLOBXTXC   FaCXBS. 

'Zone  of  AptUoeephaius 
wrratHB^  or  Cerato- 
pygekalk. 

The  Shumardia  zone, 
or  CeratopygeskifPer. 

fZone  of  SympheturuM 
ineipient,  not  recog- 
nized in  Sweden. 


Lower 
Division. 


Zone  of  Hytterolmut 

Bo^ekia  Moberyi, 
and  Aeeroeart  sp. 


Zone  of  Bryograptut 

Kjtrulji^  along  with 

Clouoyraplut  teneilu* 

and  var. 
Zone  of  DietyograptuM    Zone  with  0.  ApottinU 

ftabelli/ormis.  {OboUu  conglomerate 

and  sandstone). 
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This  scheme  is  in  all  essentials  in  complete  agreement  with  the 
conclusions  which  I  shall  express  in  another  place,  and  is  particularly 
satisfactory  to  British  geologists  in  that  hy  the  inclusion  of  the 
Boeckia  and  Acerocare  zone  within  the  Ceratopyge  regio  the  lower 
limits  of  that  regio  and  of  the  Trcmadoc  Slates  of  Britain  heoome  once 
more  identical.  The  weakest  link  in  the  scheme  seems  to  he  the 
presumed  contemporaneity  of  the  ApatooephaluB'\iQ9X\Vi^  Ceratopygekalk, 
with  the  graptoiite  shales  with  letragrapttu  phyllograpioides.  The 
only  direct  evidence  put  forward  for  this  contemporaneity  ift  that  ahout 
Hunneherg  in  Vestergotland  Moherg  and  von  Schmalensee  found  in 
1892  a  2-3  inch  hand  of  nodular  glauconitic  limestone  containing 
Symphenurut  and  Megahispis  occurring  ahove  the  Tetragraptue 
phgllograptaides  heds,  and  they  consider  that  this  must  he  regarded  as 
the  Apatocephalus  serratus  zone.  In  my  own  examination  of  the  same 
section  last  Summer,  however,  I  found  that  hoth  the  hasal  member  of 
the  paler  grey  shales  which  underlie  the  graptoiite  beds  and  the 
highest  hank  of  the  dark  pyritous  *  jernherg '  contain  ApatoeephaluB ; 
and  though  I  am  willing  to  admit  that  the  greater  part  of  the 
•  jemberg '  contains  a  fauna  more  like  that  of  the  Ceratopygeskiffer  of 
Norway  than  that  of  the  Ceratopygekalk  of  either  Oland  or  Sk&ne. 
I  am  not  at  all  prepared  to  regard  that  evidence  as  convincing  proof  of 
the  replacement  of  the  Apatocephalus  zone  by  Tetragrapttu  shales. 
The  indirect  evidence  that  graptoiite  beds  are  generally  absent  where, 
as  in  Oland  and  Ostragutland,  the  Cerntopygekalk  is  best  developed  is 
certainly  striking,  but  even  there  T.  phyllograptoides  beds  might  just 
as  well  be  represented  by  Planilimbatenkalk  as  by  the  Ceratopygekalk 
with  Apatocephalus.  In  eastern  Sk&ne  too  the  zone  of  71  phyllograptoides 
is  quite  well  developed,  and,  as  shown  by  Linnarsson,  Hoist,  and 
WestergSrd,  is  underlain  by  pale  glauconitic  and  brachiopod-bearing 
shales  and  limestone  nodules  which  may  well  be  the  Apatocephalus  beds 
themselves.  In  the  Kristiania  district  the  T.  phyUogmptoides  fauna 
does  not  seem  to  have  been  recorded,  but,  unless  I  am  much  mistaken, 
the  graptolitic  beds  which  come  nearest  to  the  glauconitic  Cerato- 
pygekalk at  Gjeitungholmen  in  Kristiania  Fjord  may  with  great 
probability  be  referred  to  some  part  of  that  zone,  and  are  interbedded 
with  limestone  bands  very  like  the  upper  nodular  limestone  of 
Hunneberg  discussed  above.  If,  however.  Professor  Moberg  and 
Dr.  Segerberg  will  admit,  as  they  seem  to  suggest  on  p.  44,  that  the 
Cer atopy ge  regio  shall  include  some  part  of  the  Oland  Planilimbatenkalk, 
the  inclusion  of  the  Tetragraptus  phyllograptoides  beds  will,  I  think, 
be  justified,  and  the  upper  limit  of  the  Tremadocian  as  so  defined, 
though  somewhat  arbitrary  in  its  conception,  will  at  least  have  the 
great  advantage  that  it  can  be  recognized  and  traced  over  wide  areas 
and  through  all  kinds  of  sediments.  The  effect  of  such  a  change  of 
nomenclature  upon  British  literature  would  be  hardly  noticeable,  for 
except  among  the  Durness  Limestone  of  North  Scotland  and  in  the 
Lake  Country  the  beds  affected  are  represented  only  by  an  unconformity. 
The  inclusion  of  Miss  Elles*  Lower  TetragrapUis  beds  of  the  Skiddaw 
Slates  with  the  Bryograptus  shales  of  the  same  series  within  the 
Tremadocian  would  not,  I  think,  be  very  inconvenient,  and  the 
boundary  between  them  has  never  been  mapped,  while  the  recognition 
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that  the  Arenig  rocks  of  Arenig  include  representatives  of  all  the 
major  divisions  of  the  Arenig  Series  as  known  elsewhere  cannot  he 
regarded  as  other  than  a  welcome  amplification  of  our  nomenclature. 

Part  III  deals  with  the  discovery  and  detailed  description  of  the 
F&gels&ng  flection,  which  now,  huried  heneath  a  scree  of  most 
unnecessary  ruhhish,  has  yielded  much  valuahle  paleeontological 
material  and  intrinsic  evidence  in  favour  of  the  succession  already 
discussed  in  part  II. 

Part  IV  describes  the  geographical  distribution  of  localities  at  which 
the  various  members  of  the  tabulated  succession  have  been  observed. 

Part  V  is  the  newest  and  probably  the  most  valuable  portion  of  the 
whole  work;  it  is  a  palaeontological  appendix  or  monograph  of  all 
genera  and  species  which  are  known  to  occur  within  the  Ceratopyge 
regio  (excluding  the  Tetragraptm  phyUograptoides  zone)  of  Scandinavia. 
The  forms  discussed  are  referred  to  97  species  belonging  to  52  genera, 
and  of  these  3  genera  and  83  species,  besides  3  varieties,  are  described 
as  new.  All  Swedish  forms  (and  only  some  9  of  the  Norwegian 
species  have  not  been  recognized  in  Sweden)  are  represented  by  one  or 
more  beautifully  executed  figures,  some  of  which  are  only  reproductions 
of  original  type  figures,  but  these  are  in  most  cases  accompanied  by 
one  or  more  carefully  drawn  new  figures  of  the  best  obtainable  specimen 
of  the  species.  To  each  species  also  is  appended  a  full  account  of  its 
older  figures  and  synonymy  and  a  list  of  the  more  important  localities 
at  which  it  has  been  recognized.  A  tabulation  and  analysis  of  the 
occurrence  of  the  individual  species  among  the  proposed  subdivisions 
gives  the  following  result : — 

id)  AptUoeephaltu  zone  62  species. 

e)  Shumaniia  zone  29  species. 

b)  BryograpUu  zone  16  species. 

a)  JHetyoffrapttu  zone  ...  13  species. 

Of  these  only  two  species  are  common  to  (a)  and  (J).  4  to  {h)  and  (r), 
16  to  {c)  and  (rf),  and  only  the  single  species  Oholus  {BrOggeria) 
ISalteri  is  known  to  range  tlirough  all  divisions.  In  the  final  zoological 
analysis  attention  is  drawn  to  the  prepondorance  of  the  trilobites 
(45  species)  over  Brachiopods  (22)  and  Graptolites  (8),  but  had 
the  Tetragrapttu  phyllograptoides  beds  and  their  equivalent  been 
included  in  the  estimate,  the  result  might  have  been  very  different, 
and  from  my  own  visit  to  the  Ceratopyge  regio  last  Summer  I  have 
certainly  rather  retained  the  impression  that  that  regio  is  a  regio  of 
graptolites  which  includes  certain  trilobitic  and  brachiopod- bearing 
bands. 

In  conclusion,  on  behalf  of  all  British  students  of  the  Cambro- 
Ordovician  rocks,  I  will  venture  to  offer  my  thanks  and  congratulations 
to  Professor  Moberg  and  Dr.  Segerberg  on  the  completion  of  this 
useful  and  monumental  monograph  of  the  palajontological  aspect  of 
the  Scandinavian  Tremadocian,  and  will  remark  that  while  its 
publication  does  not  actually  bring  about  the  elucidation  of  our 
British  Tremadoc  rocks  it  does  at  least  suggest  the  mode  of  attack, 
and  in  the  meantime  places  in  our  hands  a  means  of  identification  of 
certain  of  our  material  such  as  we  might  have  prayed  for.  The 
volume  is  beautifully  printed,  and  the  collotjrpe  reproductions  of  the 
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seren  plates  with  their  two  hundred  odd  figures  leaves  little  to  be 
desired.  Whj  should  not  some  enterprising  British  Field -clubs 
emulate  this  excellent  example  of  a  small  university  field  club  nnd 
give  us  similar  detailed  monographs  of  interesting  British  deposits  ? 
We  are  indeed  behind  the  times.  William  G.  Fearnsidks. 


II. — GBOLoeicAL  SuuvKY  OF  Canada.  By  Robert  Bell,  I.S.O.,  M  D., 
F."R.8.,  etc..  Acting  Director.  Annual  Report  (New  Scrie5»), 
Volume  XIV,  Reports  A,  B,  F,  H.  J,  M,  0,  8,  1901.  8vo  ;  with 
maps.     (Ottawa:  S.  £.  Dawson,  1905.) 

rpHE  Summary  Report  (A)  of  this  volume  (271  pp.)  is  for  the  year 
1  1901  ;  it  consists,  as  usual,  of  a  synopsis  of  the  work  done  by 
the  field  stafp,  as  well  as  the  Museum  and  office  staff.  A  brief  account 
is  given,  under  the  head  of  **  Officers'  Reports,"  of  explorations  and 
surveys  carried  on  in  all  parts  of  the  Dominion,  from  Yukon  in  the 
west  to  Cape  Breton  Island  in  the  east.  The  bare  enumeration  of  all 
the  districts  visited  by  the  staff  would  occupy  a  considerable  space,  as 
there  are  upwards  of  thirty.  These  reports  will  be  reviewed  when 
they  are  published  separately  and  tit  extenso.  One  exception  may, 
however,  be  made.  Mr.  Lawrence  M.  Larobe  gives  descriptive  notes 
on  some  interesting  turtle  remains  collected  during  the  Summer  of 
1901  (?)  in  the  Cretaceous  rocks  of  Red  Deer  River,  Alberta.  These 
are  referred  by  Mr.  I^ambe  to  Trionyx  fovealwi^  Leidy,  and  T,  vagans, 
Cope.  The  fossils  consist  of  almost  complete  carapaces  of  these 
species,  and  they  supplement  in  an  interesting  manner  the  material 
obtained  in  former  vears. 

Report  B  (R.  6.  McConnell  on  the  Klondike  Gold  Fields); 
Report  J  (R.  W.  Ells  on  the  geology  of  a  portion  of  Easteni  Ontario) ; 
and  Report  0  (F.  D.  Adams  and  Osmond  E.  Lcroy  on  the  ai-tcsian 
and  other  deep  wells  on  the  Island  of  Montreal),  have  already  been 
reviewed  in  the  6eoi«ooical  Maoazink  in  1906. 

R«*port  F  is  a  short  report  l»y  Mr.  D.  H.  Dowlinjx  on  an  exploration 
of  Ekwan  River.  Sutton  Mill  Lakes,  and  pai-t  of  the  west  coast  of 
James  Bay,  with  two  appendices.  The  formations  observed  in  the 
district  were:  (1)  the  Cambrian  rocks  of  Sutton  Mill  Lakes;  (2)  the 
Silurian  limestone  boi-dering  the  west  shore  o.f  James  Hny  and  the 
south  shore  of  Hudson  Bay;  and  (3)  the  clays,  of  Post-Tertiary  age, 
which  form  the  general  covering  over  nearly  all  the  c  nintry  left  by 
the  ancient  glacier  and  the  retreating  ocean.  The  a])penilic(s  consist 
of  a  preliminarv  list  of  fossils  from  the  Silurian  (Upper  Silurian)  of  the 
Ekwan  River  and  Sutton  Mill  Lakt's,  Keewatin,  cr)llocted  by  the 
author  in  1901,  and  afterwaixls  described  in  full  in  *'  Paleozoic 
Fossils/*  vol.  iii,  part  4,  1906,  by  Dr.  J.  F.  Whitoaves,  and  a  list  of 
41  species  of  plants,  by  Professor  John  Macoun.  The  report  is 
illustrated  from  photographs  and  originul  (lrawin<?s. 

Report  H  is  on  the  origin,  geological  relations,  and  composition  of 
the  nickel  and  copper  deposits  of  the  Sudbury  Mining  District,  Ontario, 
by  Dr.  Alfred  Ernest  Barlow.  Much  importance  must  b<»  attiiched  to 
this  memoir,  both  from  its  scientific  interest  and  from  the  great  value 
of  the  deposits  of  nickel  so  fully  described  in  it.     As  the  report  covers 
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236  pages  it  will  only  be  possible  to  bestow  a  mere  glance  upon  it. 
The  report  begins  with  a  history  of  the  development  of  mining  in  the 
Sudbury  district,  and  then  goes  on  to  describe  its  general  physical 
features  and  geology.  The  rocks  of  the  district  are,  in  ascending 
order,  as  follows : — 

1.  Lower  Huronian.  No  rocks  of  this  age  arc  at  present  known 
in  the  nickel-bearing  area,  but  this  period  is  repi*esented  in  part  by 
the  banded  siliceous  magnetites  and  associated  rocks  of  Hutton  and 
AfVissner. 

2.  Tipper  Huronian.  (a)  Diorites,  hornblende  -  porphyrites,  and 
green  schists  ;  {b)  conglomerates,  grey  wackes,  and  quartzites ; 
(c)  norite  and  diorite  (Worthington  mine  belt  and  areas  south-east 
of  Evan?  mine  and  east  of  Sudbury). 

3.  Lauren tian.     Granite  and  diotite-gneiss  near  Wanapitei  station. 

4.  Upper  Huronian  ?  Tuffs,  felspathic  sandstones,  and  slates 
classified  provisionally  on  previous  geological  maps  as  of  Cumbrian  age. 

5.  Post- Huronian.  (a)  Granites;  (i)  nickel -bearing  eruptive  of 
the  main  belt  (quartz-hypersthene-gabbro  or  norite,  diorite,  with  their 
peculiar  differentiation  product,  micropegmatite)  ;  {e)  dykes  of 
oli  vine-diabase. 

6.  Pleistocene.     Clays  and  sands. 

The  granites  referred  to  in  the  list  (6,  a)  are  pronounced  to  be 
undoubtedly  younger  in  relation  to  the  older  diorites,  porphyries,  and 
green  schists,  and  a  rock  which  may  be  called  a  breccia,  formed  by  an 
exceedingly  intricate  intrusion  of  dykes  and  maisses  of  granitic  material 
through  these  basic  rocks,  covers  considerable  areas  throughout  the 
district. 

The  nickel-bearing  eruptive  (6,  h)  is  said  to  be  decidedly  later  than, 
and  intrusive  through,  the  green  schists  and  associated  diorites  (2,  a). 

The  oli  vine-diabase  dykes  (6,  c)  cut  through,  and  are  therefore  later 
than,  all  the  rocks  with  which  they  have  been  seen  to  be  in  contact. 

A  description  is  given  of  the  minerals  associated  with  the  nickel 
and  copper  of  the  Sudbury  region,  followed  by  an  account  of  the 
methods  of  mining,  metallurgy,  and  smelting.  The  nickel  deposits  of 
the  United  States,  Scandinavia,  and  New  Caledonia  are  also  described 
at  some  length. 

The  report  concludes  with  a  series  of  statistical  tables  of  the 
production  of  nickel  in  Canada,  which  is  the  largest  producer  in  the 
world ;  other  countries  being  added  for  comparison. 

This  important  memoir  is  well  illustrated  with  plates,  maps,  and 
plans. 

Mr.  Henry  S.  Poole  reports  briefly  on  the  Pictou  Coalfield  of  Nova 
Scotia.  This  famous  coalfield  has  long  been  known  to  geologists 
through  the  writings  of  Gesner,  Dawson,  Lyell,  and  Logan.  The 
pn^sent  report  has  been  written  to  accompany  a  revised  map  of  this 
coalfield  and  its  neighbourhood  lately  published.  The  district 
contains  in  a  small  area  a  wide  field  for  investigation,  supplying 
representative  series  of  several  geological  epochs  and  many  highly 
instructive  exposures  of  varied  structure. 

The  geological  systems  represented  are  as  follows,  in  ascending' 
order : — 


IteparU  and  Proeeeding^ — Oeohgieai  Society  of  London.       91 


1.  Caxnbro-Silurian. 

2.  Silarian. 

3.  Devonian. 

4.  Carboniferous  Conglomerate  )        Lower 

5.  Carboniferous  Limestone       j  Carboniferous. 

6.  Millstone  Grit. 

7.  Coal-measures. 

8.  Permian. 

9.  Igneous  intrusions  in  deposits  of  several  ages. 
10.     Pleistocene. 

The  detailed  Annual  Report  of  the  Section  on  the  Mineral  Industries 
of  Canada  for  1901  by  E.  D.  Ingall  and  assistants  comes  next.  The 
report  is  accompanied  br  a  table  of  the  mineral  production  of  Canada 
for  the  calendar  vears  1886  to  1901. 

A  very  full  index  and  a  large  number  of  maps  are  supplied  with' 
this  report,  which  does  much  credit  to  the  ability  and  industry  of 
those  who  have  contributed  to  it.  A.  H.  F. 


Geological  Socikty  of  London. 

I.— December   19th,   1906. —  Sir   Archibald  Geikie,  D.C.L.,  Sc.D., 

Sec.  R.  S.,  President,  in  the  Chair. 

The  following  communications  were  read : — 

1.  **The  Post-Cretaceous  Stratigraphy  of  Southern  Nigeria."  By 
John  Parkinson,  B.A.,  F.G.S. 

In  this  paper,  which  is  a  first  attempt  to  outline  the  sequence  of 
the  later  deposits  of  Southern  Nigeria  (now  including  the  Colony  of 
Lagos),  a  series  of  beds  are  described  from  four  localities — three  from 
the  western  side  of  the  Niger,  and  one  around  Calabar  near  the 
Eameruns  frontier.  The  alluvium  of  the  river-beds  and  the  lower 
terraces  are  referred  to,  and  the  succeeding  sediments  grouped  under 
three  heads. 

The  youngest  of  these,  termed  the  Benin  Sands,  are  of  wide 
distribution,  and  are  found  extensively  developed  in  all  four  areas. 
Their  almost  universal  appearance  near  the  coast,  and  the  height, 
occasionally  300  feet,  to  which  their  denuded  tops  are  now  raised 
above  sea-level,  indicate  an  important  submergence  and  subsequent 
elevation  in  comparatively  lot e  times,  while  from  the  latter  much  of 
the  present  physiography  appears  to  date.  The  Benin  Sands  have 
been  seen  in  contact  with  both  the  older  groups  of  sediments,  but 
nnfortunately  the  work  has  not  proceeded  far  enough  yet  to  show 
conclusively  the  relationships  of  the  latter. 

The  older  of  the  two,  the  Lignite  Series,  occurs  typically  near  Asaba 
on  the  Niger,  although  indications  of  a  similar  deposit  have  been  met 
with  near  Moroko,  south  of  Abeokuta ;  the  younger,  the  Ijebu  Series, 
has  so  fur  been  found  only  in  that  district  of  the  Lu^os  Province. 
These  beds  are  extensively  impregnated  with  bitumen.     The  suggested 
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difference  of  age  depends  on  the  lesser  dip  and  degree  of  consolidation 
of  the  Ijebn  Series.  In  them  a  few  lumellibranchs  have  been  found, 
of  no  value  as  regards  the  determination  of  the  horizon,  and  some 
plant-remains ;  in  the  Lignite  Series  only  undeterminable  plant- 
remains.  .The  Benin  Sands  are  apparendy  unfossiliferous.  The 
information  regarding  the  Ijebu  Beds  ha^  been  derived  almost  entirely 
from  boreholes. 

2.  **The  Geology  of  the  Oban  Hills  (Southern  Nigeria)."  By 
John  Parkinson,  B.A.,  F.G.8. 

The  country  described  in  this  paper  comprises  some  1,800  square 
miles  of  the  £astem  Province  of  Southern  Nigeria,  adjacent  to  the 
Kameruns  frontier.  The  rocks  are  crystalline,  principally  gneisses  and 
schists,  with  later  granites,  pegmatites,  and  basaltic  dykes,  surrounded 
on  the  north,  west,  and  south  by  Cretaceous  sediments.  For 
purposes  of  description  the  series  is  divided  under  nine  headings, 
according  to  locality  and  petrographical  character ;  and  it  is  concluded 
that,  neglecting  tiie  basaltic  dykes,  two  broad  groups  may  be 
distinguished — tiie  one  characterized  by  the  presence,  the  other  by 
the  absence,  of  foliation.  In  the  former  the  foliation  tends  to  be 
lost,  giving  a  passage  between  types  which  petrographically  are  acid 
orthogneisses  and  granites. 

Observation  of  the  banded  gneisses,  which  are  'typical  of  several 
districts,  leads  to  the  conclusion  that  the  acid  magma  is  intrusive 
into  mica  and  hornblende  schists,  and  that  the  banded  gneisses  are 
composite  rocks  produced  by  injection.  The  orthogneisses  themselves 
exhibit  many  variations ;  and  study  in  the  field  shows  that  the  series 
consists  of  several  members,  produced  by  the  differentiation  probably 
of  one  magma,  which  have  reached  their  present  positions  at  different 
times:  that  is,  they  differ  slightly  in  age.  At  XJwet  was  found 
a  group  of  phyllites  and  grits  altered  into  garnet,  andalusite,  and 
staurolite- schists,  and  homfels,  witli  the  development  of  much  biotite, 
by  an  intrusive  gneiss;  and  it  is  considered  as  probable,  though  not 
capable  at  the  time  of  absolute  proof,  that  the  sillimunite-gneisses  of 
the  Ekankpa  ford,  a  few  miles  away,  are  the  result  of  an  extension 
of  the  same  belt  of  contact-mctamorphism,  a  suggestion  which  possibly 
might  truly  include  the  schists  of  the  entire  district. 
.  Typical  specimens  of  the  granites,  pegmatites,  and  dykes  are 
described,  and  sketch-maps  given. 

3.  **The  Crystalline  Rocks  of  the  Kukuruku  Hills' (Central 
Province  of  Southern  Nigeria)."     By  John  Parkinson,  B.A.,  F.G.S. 

In  this  paper  a  short  account  is  given  of  the  crystalline  rocks 
found  in  the  Central  Province  of  Southern  Nigeria,  between  the 
Station  of  Ifon  (north  of  J^enin  City)  and  the  Northern  Nigerian 
frontier.  The  rocks  fall  under  two  heads — (a)  a  group  of  gneisses 
and  [h)  a  group  of  schists. 

The  former  is  considered  as  intrusive  in  the  latter,  and  consists  of 
varieties  of  biotite  gneisses,  often  well  banded,  but  this  group  is 
not  infrequently  represented  by  several  ix>cks  readily  separable  by 
miueralogical  peculiarities  and  by  intrusion. 
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By  lost  of  foliation  the  gDeisses  tend  to  pass  into  granites,  and  t^e 
series  is  accoinpenied~li7  pegmatites. 

The  second  group  is  distinguished  bj  the  wide  distribation  of 
quarts-schists,  with  which  occur  quarts-micsrschists,  mica'sohists 
(locally  containing  silHmanite),  and  bflmnatite- schists.  A.  partial 
analysis  of  a  specimen  of  the  last-named  showed  67*77  per  cent,  of 
iron-peroxide. 

The  district  is  compared  with  the  Oban  Hills  of  the  Eastern 
Proriiree. 


II.— Jaanary  9th,    1907.— Sir  Archibald    Geikie,    D.C.L.,    ScJ>^ 

Sec.It.3.,  President,  in  the  Chair. 

!nie  following  communications  were  read : — 

1.  "On  the  Cretaceous  FormatioQ  of  Bahia  (Brazil)  and  on  th^ 
Vertebrate  Fossils  contained  therein."  By  Joseph  ICawsoo,  F.G.S.^ 
and  Dr.  Arthur  Smith  Woodward,  F.R.S.,  F.L.S.,  F.O.S. 

This  paper  relates  to  a  series  of  estuarine  and  fresh-water  deposits 
originally  described  to  the  Geological  Society  by  the  late  Samuel 
AUport,  in  1859.  The  results  of  thirty  years'  collecting  of  fossils 
«TO  sununarized,  and  the  distribution  of  thi^ '  formation,  so  fiar  as 
detennined,  is  marked  on  a  map.  The  strata  axB*  ^turbed  by 
lomerons  dislocations  and  discordant  dips,  and  no  regular  sucoessioii 
«f  zonea  or  horizons  can  be  discovered.  All  the*  uLoie-  important 
Tertebrate  fossils  collected  are  now  in  the  British  Museum  (Natural 
ffiatory).  From  these  a  few  remains  of  new  species  are  selected*  for 
ipedal  description.  A  mandibular  symphysis  of  a  very  large 
erocodile,  with  a  long  gariaMike  snout,  belongs  to  one  of  tb« 
GoniopholidflB.  Some  Dinosaurian  vertebras  seem  to  belong  to  the 
Igoanodont  group.  A  large  fish-skull  represents  a  new  genus  allied 
to  Macropoma,  and  indicates  a  species  five  or  six  times  as  large  aa  any 
Ccslacanth  previously  discovered.  The  discussion  of  a  complete  list  of 
the  fossil  Yertebrata  proves  that  the  formation  is  of  Cretaceous  age^ 
and  suggests  that  it  may  be  Lower  Cretaceoas,  as  supposed  by  Hartt.  - 

[Mr.  R.  B.  Newton  stated  that  Mr.  Mawson's  collections  contained 
some  interesting  mollnscan  remains,  among  which  were  a  number  of 
Anodont — or  Unioniform — shells  suggestive  of  Unio  porreotuB  and 
U.  antiqtttu  of  British  Wealden  areas,  associated  with  Vtvipara-  and 
lUlania-like  Gasteropods,  all  of  which  had  been  studied  by  Professor 
Hartt  and  later  by  Dr.  C.  A.  White,  both  being  of  opinion  that  they 
belonged  to  the  Lower  Cretaceous.  The  vertebrate  evidence  now 
brought  forward  by  Dr.  A.  S.  Woodward,  especially  the  newly 
recorded  occurrence  of  OoniopholiB,  together  with  the  Zepidottu-Bceles 
originally  determined  by  Egerton,  was  strong  confirmation  as  to  the 
Lower  Cretaceous  age  of  these  deposits.] 

2.  '*  On  a  New  Dinosaurian  Reptile  from  the  Trias  of  Lossiemouth, 
Elgin."     By  Arthur  Smith  Woodward,  LL.D.,  F.R.S..  F.L.S.,  F.G.S. 

Mr.  William  Taylor,  of  Elgin,  has  recentiy  discovered  two 
skeletons   of   a  smsdl   new   reptile    in    the    Triassic    sandstone    of 
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Lossiemouth.  Two  imperfect  skeletons  of  the  same  species  are  also 
shown  on  a  slah  of  the  same  sandstone  in  the  British  Musenm 
(Natural  History).  The  head  and  trunk  measure  only  4  inches  in 
length)  hut  there  is  a  very  long  and  slender  tail.  The  head  is 
relatively  large,  and  resemhles  that  of  Omithoiuehui  in  many 
respects ;  hut  the  fossils  do  not  exhihit  any  teeth.  There  are  ahout 
twenty-one  presacral  vertehne,  of  which  nine  are  ccnrical.  There 
are  distinct  traces  of  a  plastron  of  delicate  abdominal  ribs.  The 
limb-bones  exhibit  a  large  internal  cavity.  The  fore-limbs  are  very 
small,  with  a  humerus  as  long  as  the  radius  and  ulna.  The  hind- 
limbs  are  relatively  largo,  and  the  ilium  is  extended  antero- 
Cteriorly  fo^  the  length  of  four  vertebrae.  The  femur  is  almost  as 
g  as  the  tibi|i  and  fibula;  while  the  metatarsus  is  especially 
remarkable,  being  half  as  long  as  the  tibia,  and  consisting  of  four 
metatarsals  of  nearly  equal  length  firmly  fused  together.  The  toes 
•are  long  and  slender,  with  sharply  pointed  claws.  The  author 
<$oncludes  that  this  must  have  been  a  running  or  leaping  reptile,  and 
that  it  represents  a  new  genus  of  Dinosauria  related  to  the  American 
Triassic  MoUopui. 

MunauioQicAL  Societt. 
l^ovember  18, 1906. — Prof.  H.  A.  Miers,  F.R.S.,  President,  in  the  Chair. 
Growth  of  crystals  of  soluble  salts  on  each  other,  by  Mr.  T.  Y. 
Burker.  This  paper  is  a  continuation  of  the  author's  previous  work 
on  the  growth  of  salts  on  isostructural  minerals  to  those  of  soluble 
isomorphous  salts  on  each  other.  The  group  now  investigated  is  that 
oi  the  chlorides,  bromides,  iodides,  and  cyanides  of  Na,  K,  Rb,  Cs,  and 
Am,  which  crystallise  in  the  cubic  system.  The  view  previously 
entertained  that  parallel  growths  are  conditioned  by  a  similarity  of 
molecular  volume  is  again  found  to  hold  good;  some  apparent  ex- 
^^ptions  are  explained  by  the  presence  of  isodimorphism.  One  pair 
of  salts,  however,  NaCl-KCl  yield  parallel  growths,  although  the 
molecular  volumes  are  greatly  different ;  this  is  perhaps  to  be 
accounted  for  by  the  fact  thnt  the  molecular  volumes  are  almost 
■exactly  in  the  ratio  1  :  2.  —  Notes  on  some  Bolivian  minerals,  by 
Mr.  L.  J.  Spencer.  Descriptions  are  given  of  crystallised  Jamesonite, 
'Bemseyite  from  Oruro,  new  crystal- forms  on  Andorite,  Chalcostibite 
from  Oruro,  Augelite.  from  Oruro,  Yivianite  from  Tatasi  and  Tasna, 
Tetrahedritc  from  Huanchaca,  regular  grouping  of  Stannite  and 
-Tetrahedrite,  Yalentinite,  Cassiteritc,  Tourmaline,  and  Tourmaline- 
hornfels,  fluor,  Apatite,  cupriferous  Miargyrite  from  Tatasi,  crys- 
tallised Miargyrite  from  Aullagas,  Jarosite  from  Chocaya,  Chalybite 
from  Chorolque  and  Tatasi,  Enargite  from  Chorolque.  —  Note  on 
Ilmenite  from  Brazil,  by  Mr.  G.  F.  Herbert  Smith.  The  crystals 
have  three  habits,  cam,  camrX,  cnXrSy  differing  slightly  from  those 
described  from  the  same  locality  by  Hussak.  The  hemihedrism  is 
shown  by  striations  on  the  prism  faces ;  some  magnesium  is  present. — 
Description  of  the  Lcngenbach  Quarry  and  of  the  minerals  found  there 
ill  1906,  by  Mr.  R.  H.  Solly.  The  now  well-known  quarry  was 
opened  about  the  year  1850,  and  vorious  new  minerals  were  described 
by  Des  Cloizeaux  and  others.     Fr<)ni  1860-70  a  level  was  driven  in 
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a  direction  at  right  angles  to  the  stream,  and  in  it  were  found  the 
specimens  described  hj  Von  Rath.  In  the  decade  1890-1900  a  little 
work  was  done  each  Summer,  resulting  in  the  specimens  studied  by 
Baamhauer.  Since  1900  Francis  Jentsch  and  his  partners  have 
worked  the  quarry  regularly  each  Summer.  In  1902  thev  came  across 
the  old  tunnel  constructed  in  1731,  the  existence  of  which  had  been 
quite  forgotten.  Up  to  1898  eighteen  mineral  species  had  been  found, 
of  which  four  are  peculiar  to  the  quarry ;  since  that  date  twenty-five 
additional  species,  of  which  no  fewer  than  twenty  are  new  to  science, 
have  oome  to  light.  Nine  of  the  new  species  have  been  named,  two 
are  paeudomorphs,  and  nine,  owing  to  paucity  of  material,  have  not  vet 
been  described.  The  minerals  found  this  year  include  Trechmannite 
rfine  orystals),  Baumhauerite  (curiously  striated  and  distorted  crystals), 
Seligmannite  (a  large  crystal  20  mm.  in  length),  Jordanite  (a  twin 
about  301),  Dufrenoysite  (a  twin  about  001),  pseudomorphs  of 
Dolomite  and  Baumhauerite  after  Scapolite  (?). — Note  on  the  Thirty- 
two  Classes  of  Sym.metry,  by  Mr.  H.  Hilton.  —  Specimens  of 
Tnmerite  from  Cornwall  were  exhibited  by  Mr.  Kussell,  and  crystals 
of  Sartorite  by  Dr.  Trechmann. 


THE    SOMABULA    DIAMOND    FIELD. 

8ui, — I  notice  in  your  December  issue  ^  a  comment  by  Dr.  Flett  on 
my  paper  on  the  Somabula  Diamond  Field,  and  I  take  this  opportunity 
of  expressing  my  regret  that  it  was  published  just  before  a  further 
visit  to  the  field  under  the  more  favourable  conditions  now  prevailing. 
It  is  unquestionable,  as  Dr.  Flett  implies,  that  most  of  the  mineral 
locaUy  regarded  as  enstatite  is  really  staurolite.  It  did  not  occur  to 
me  to  doubt  the  original  determination  of  this  mineral  as  a  rhombic 
pyroxene,  until  I  recently  secured  some  fragments  with  faces  showing 
the  characteiistic  angles  of  staurolite.  Andalusite  may  also  be  added 
to  the  list  of  what  I  have  termed  "unequivocal  contact  minerals." 
There  can  be  no  doubt,  in  fact,  that  the  characteristic  minerals  of  the 
alluvial  deposit  come  chiefly  from  the  margins  of  the  granite  mass 
which  it  overlies. 

But  this  does  not  in  the  least  alter  the  position  as  regards  the 
original  source  of  the  diamonds.  It  is  significant,  for  instance,  that 
though  diamond  is  almost  exactly  of  the  same  specific  gravity  as 
chrysoberyl,  topaz,  and  staurolite,  the  quantity  of  these  latter  has  no 
relation  whatever  to  the  abundance  or  even  to  the  presence  of  the 
diamond.  The  only  mineral  which  shows  indications  of  such  u 
relationship  is  garnet,  a  possible  *  pipe '  mineral,  by  the  way.  The 
sapphires,  rubies,  and  chrysoberyls  are  also  exceedingly  water-worn, 
while  the  diamonds  are  in  many  cases  perfectly  unubraded,  though  those 
found  in  the  present-day  stream  which  cuts  into  the  old  alluvial  are 
usually  considerably  worn,  showing  they  are  susceptible  to  wearing  action. 

Perhaps  a  local  experience  of  over  ^vc  years  and  the  fact  of  having 

made  most  careful  field  examinations  of  the  vicinity  may  be  permitted 

• 

*  Bee  Geol.  Mao.,  December,  1906,  pp.  669-570. 
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to  weigh  something  in  the  scale  against  ''an  inspection  of  the 
minerals."  I  &ncy,  too,  that  my  acquaintance  with  the  literature 
of  the  diamond  is  more  extensive  than  Dr.  Flett's,  in  spite  of  my 
having  been  for  years  out  of  reach  of  a  scientific  library.  I  have  also 
studied  specimens  from  most  of  the  important  diamond  localities  that 
I  have  been  unable  to  visit.  And  I  can  only  record  my  conviction, 
after  a  review  of  all  the  facts,  firstly,  that  the  Somabula  diamonds,  as 
also  those  of  Brazil,  India,  and  New  South  Wales,  are  derived  from 
quite  a  different  source  from  that  of  the  sapphire,  topaz,  chrysoberyl, 
staurolite,  kyanite,  etc.,  with  which  they  are  associated,  as  has  indeed 
been  actually  proved  in  the  case  of  New  South  Wales ;  and  secondly, 
that  there  is  nothing  to  contradict  the  idea  that  the  ultrabasic  rocks 
(*  blue-ground '  and  its  allies)  are  invahably  the  source  of  the  diamond* 
The  question  is  no  mere  academic  one.  I  should  be  only  too 
delighted  to  gain  an  opportunity  of  describing  a  new  matrix  for  the 
diamond.  This,  however,  is  the  position.  I  am  every  day  asked  for 
advice  by  prospectors,  men  whose  livelihood  depends  on  their  success 
in  finding  mineral  deposits  of  possible  economic  value.  When  con- 
sulted about  diamonds,  what  is  one  to  tell  such  men  as  these?  In 
face  of  the  fact  that  every  South  African  mine  (and  there  must  be  at 
least  thirty  now  working)  is  in  '  blue-ground,'  is  one  to  advise  them 
to  look  for  diamonds  in  staurolite  or  kyanite  schists  ?  Some,  through 
ignorance,  have  actually  done  work  on  such  rocks — ^needless,  to  say, 
without  finding  any  diamonds.  I  even  know  of  a  locality  where 
staurolite,  kyanite,  tourmaline,  garnet,  and  rutile  can  be  got  from 
a  single  specimen.  Could  one  in  good  faith  urge  the  spending  of 
money  on  it  in  the  hope  of  its  developing  into  a  diamond-mine? 
I  certainly  do  not  think  so  myself,  whatever  other  people's  views 
may  be.  F.  r.  Mbvkkll. 

BuoDBsiA  Museum,  Bulawato. 
December  28M,  1906. 

MABINE  BIPPLB-MABK.i 

Sir, — .  .  .  .  Will  you  permit  me  to  point  out  that  in  Mrs.  Ayiton's 
researches  on  Sand-ripples,  so  far  as  they  concern  geologists  and 
marine  ripple-mark,  there  are  four  experimmtal  fallacies.  Mrs.  Ayrton 
describes  her  apparatus  as  follows :  '^  In  this  trough,  six  feet  long 
....  the  water,  which  is  about  a  foot  deep,  is  now  made  to  swing 
periodically  backwards  and  forwards  by  means  of  an  electro-motor" 
(Abstract  of  lecture  to  Section  G  at  Cambridge  in  1904). 

In  the  real  thing  we  find  a  series  of  periodically  oscillating  waves 
moving  in  one  direction  over  a  fixed  bottom,  and  expending  themselves 
on  a  sandy  shore.  In  Mrs.  Ayrton's  experiment  we  have  an  oscillating 
bottom,  perfect  reflection  from  vertical  ends,  waves  moving  in  opposite 
directions,  and,  as  one  result,  stationary  waves  in  the  experimental 
tank.  None  of  these  four  conditions  obtain  at  sea,  and  Mrs.  Ayrton*s 
results  and  conclusions,  interesting  though  they  are  to  physicists, 
have  practically  no  bearing  on  the  phenomena  of  the  sea- shore  and 
the  sea-bottom.  A.  R.  Hmrr. 

SouTHWooD,  Torquay, 

^  [Unavoidably  delayed  in  publication  by  want  of  space. — ^£d.  Gxol.  Mao.] 
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I. — Note  ov  some  Vertebrate  Remains  collected  in  the  FAYtTM, 

Egypt,  in  1906. 

By  C.  W.  Andrsws,  D.Sc.,  F.R.S.,  F.6.S.,  British  Museum  (Natural  History). 

rpHE  coUeoting  expedition  to  the  YajHm  in  the  Spring  of  1906  did 
X  not  result  in  the  discovery  of  any  striking  new  forms,  but 
neTertheless  a  largo  number  of  specimens  was  obtained,  some  of  which 
add  considerably  to  our  knowledge  of  species  already  imperfectly 
described.  Of  these  specimens  the  most  important  are:  (1)  An 
associated  skull  and  mandible  of  Palaomasiodan  wintoni  with  the 
upper  and  lower  dentition,  including  the  tusks,  in  perfect  preservation; 
an  atlas,  humerus,  radius,  part  of  an  ulna,  and  some  vertebrse  of  the 
some  individual  were  also  found,  and  confirm  the  determinations  that 
had  previously  been  made  from  isolated  examples.  (2)  A  beautifully 
preserved  mandible  of  a  very  young  Palaomastodon,  probably  the  same 
.*pecies.  In  this  specimen  the  two  posterior  milk-teeth  are  in  position, 
while  the  anterior  one  is  represented  by  its  empty  alveolus.  Beneath 
the  two  milk  molars  are  the  germs  of  pm.  3  and  pm.  4,  almost  ready 
to  replace  them  vertically  in  the  ordinaiy  way.  The  first  molar  is  iu 
wear,  and  the  crown  of  the  second  is  fully  developed,  but  had  not  been 
cut.  One  of  the  most  interesting  points,  however,  is  that  the  outer 
edges  of  the  incisors  are  serrated,  so  that  this  specimen  finally  proves 
that  the  genus  Phiomia  was  founded  on  the  anterior  portion  of  a  verj' 
young  mandible  of  one  of  the  smaller  species  of  Palaoma*iodon,  us 
indeed  has  already  been  suggested  by  Schlosser.*  The  above- 
mentioned  specimens  will  be  described  in  detail  elsewhere.  Of  the 
remainder,  perhaps  the  most  interesting  is  a  portion  of  the  jaw  of  the 
remarkable  animal  Oeniohyua  mirusj  the  type-specimen '  of  which 
is  the  anterior  region  of  a  mandible  in  which  all  the  cheek-teeth 
except  the  talon  of  m.  3  are  well  preserved.  The  most  peculiar 
foatore  of  this  specimen  was  described  as  being  the  presence  of 
a  downwardly  and  backwardly  directed  hook-like  process  arising  from 
the  ventral  surface  of  the  ramus  immediately  behind  the  symphysis. 
Another  peculiarity  noted  was  the  extreme  narrowness  of  the  ramus 

'  Neues  Jahrb.  f.  Min.,  etc.,  vol.  i  (1905),  pt.  1  (Refenite),  p.  157. 
2  Geol.  Mag.,  Dec.  V,  Vol.  I  (1904),  pp.  160-161,  VI  Yl,  Fig.  4. 
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boQcatli  tho  cheek-teeth.  It  ia,  however,  seen  from  the  prescat 
BjHH-imen  (Fig.  1)  that  the  coaditioii  of  things  was  ereii  more 
n'markable  than  was  aupposod,  and  that  the  hook-like  procew  was 
meri'ly  the  thickened  antero-inferior  border  {l.b.)  of  a  lai^  bullate 
extinniiiAii  (/om.)  of  very  thin  (1— 2  mm.)  bone  projecting  outwards 
and  forming  a  large  prominonce  on  the  poatero- inferior  portion  of  the 
ranndibulor  ramus.  Superiorly  this  is  continuous  with  the  outer  face 
of  the  narrow  thickened  alveolar  part  of  the  ramus;  it  is  convex 
externally  and  concave  internally.  Posteriorly  it  is  strengthened  on 
the  inner  side  by  a  rounded  vertical  buttress  (_p.b.)  of  bone  situated 
about  tlie  level  of  the  talon  of  m.  3.  What  the  fimction  of  this 
inflated  expansion  of  the  lower  portion  of  the  mandible  may  have  been 
it  ifi  difficult  to  conjecture.  It  may  possibly  have  lodged  a  very  large 
iialivary  gland  or  some  kind  of  buccal  sac,  perhaps  connected  with  the 
vocal  organs.     Another  peculiarity  of  this  specimen  is  that  behind  the 


Bi^ht  nxaat  of  maadible  from  the  inner  eide.  Tb« 
„  1  behind  the  blacV  line  is  drawn  from  the  new  ipecimen  : 
B  Bnlerior  portion  and  the  Tential  border  ia  from  the  type-specimen. 
/or.  line  nhowiiig  the  position  of  the  foramen  performtiae  the  hue  of  the 
ancending  lamus  ;  /mi.  the  inner  concave  aurfaee  of  the  bullate  eipansian ; 
i.  1,  bsBO  of  first  incisor:  l.b.  yentral  thickened  border  of  mandible;  l.r. 
broken  anterior  end  of  Ihe  right  ramus  of  the  mandible :  ni.  1-3,  molars ; 
p.b.  posterior  buttress;  pm.  1^,  premolars;  igm.  sjmpbjsial  portion  of 
mandible.    J  oat.  size. 

last  molar  there  is  a  foramen  that  perforates  the  base  of  the  ascending 
process  and  opens  on  the  inner  side  of  the  jaw  ;  so  far  as  I  am  aware, 
this  onlj-  occurs  in  tho  Hyracoidea,  and  its  presence  here  suggests  the 
possibility  that  Oeniohi/iui  may  have  some  relationship  with  that  ftroup, 
though  from  the  cheek-teeth  alone  it  would  certainly  be  regarded  us 
not  remotely  related  to  the  Suidte.  The  teeth  are  well  preserred,  and 
aprce  precisely  in  structure  with  those  of  tho  type-specimen,  though 
slightly  more  worn.  The  talon  of  m.  3  is  complete.  It  is  large  and 
composed  of  a  large  main  cusp,  on  the  antero-intemal  side  of  which  is 
a  small  accessory  tubercle.  Tlie  valley  between  the  talon  and  the 
body  of  the  tooth  is  partly  filled  by  an  accessory  tubercle  of  the 
postcro-eitemal  main  V. 
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The  dimensions  (in  centimetres)  of  the  teeth  in  the  new  specimen  are : 

Length.  Width. 

pm.  4  1*2  ...        1*0 

m.  1  1*4  ...        1*1 

m.  2  1*7  ...        1*3 

m.  3  2*4  ...         1*5 

A  fragment  of  the  left  ramus  of  the  mandible  with  one  molar  tooth 
(first  or  second)  seems  to  belong  to  the  large  species  of  OeniohyiUf 
&.  major^  and  shows  that  in  that  also  tiie  peculiar  structure  of  the 
mandible  existed,  though  whether  to  the  same  degree  as  in  ^.  mirm 
cannot  be  determined  without  more  material.  The  dimensions  of  the 
molar  are:  2*6 cm.  long,  1*6 cm.  wide.  Unfortunately  the  structure 
of  the  skull  in  this  extraordinary  animal  remains  at  present  quite 
unknown. 

Other  specimens  of  interest  are  portions  of  the  mandible  of  Sagha- 
Uterium  magnum,  one  of  which  consists  of  the  almost  complete  left 
ramus  (Fig.  2)  with  the  canine  premolars  and  molars  well  presei'ved. 


si/rn 


Fig.  2. — Saghathei'ium  magnum.  Left  ramus  of  mandible,  outer  side,  e,  canine  ; 
eond.  condyle;  for.  foramen  in  base  of  ascending  ramus;  m,  1-3,  molars; 
pm.  1-4,  premolars ;  sym.  symphysis.  The  lower  outline  of  the  angular 
region  is  taken  from  an  undistorted  specimen,     f  nat.  size. 

The  jaw  has  been  somewhat  crushed,  in  such  a  way  as  to  diminish  its 
depth  beneath  the  hinder  molars  and  in  the  region  of  the  angle,  the 
full  depth  being  shown  in  the  second  specimen,  the  outline  of  which 
is  shown  in  the  figure.  On  the  whole,  this  mandible  agrees  very 
closely  with  that  of  the  recent  Hyracoids.  Thus,  the  perforation  {for.) 
of  the  base  of  the  ascending  process  j  ust  behind  the  last  molar  occurs  as 
in  Hyrax,  the  angular  region  is  greatly  expanded,  the  posterior  portion 
of  the  jaw  being  very  deep.  The  coronoid  on  the  fossil  may  have 
been  a  little  less  prominent  than  in  the  recent  forms.  The  teeth  are 
arranged  in  a  rather  strongly  curved  closed  series.  The  canine  which 
is  slightly  broken  in  front  is  a  premolariform  tooth,  the  crown  of 
which  consists  of  a  compressed  main  cusp,  with  small  posterior  and 
probably  anterior  accessory  cusps :  this  tooth  seems  to  be  borne  by 
a  single  root,  somewhat  compressed  from  side  to  side.     The  premolars 
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and  mclan  hffpde  with  those  niietAy  described  tfi  the  Cutalogne  of  the 
Fayum  Veitebratee  (p.  87). 

The  total  length  of  the  mandible  here  figured  is  13*8  cm.,  its  depth 
beneath  the  condjle  about  6*5  cm.  The  lengths  of  tlie  teeth  in  milli- 
metres are :  canine,  4  app. ;  pm.  1,7;  pm.  2,  8  ;  pm.  3,  8  ;  pm.  4,  9 ; 
m.  1,  10;  m.  2,  13 ;  m.  3,  18.  The  total  length  of  the  tooth  series 
(c.  to  m.  3)  is  7*6  cm. ;  the  length  of  the  molar  series  is  4  cm. 

In  the  other  specimen  the  depth  of  the  ramus  beneath  m.  3  is 
4*3  cm.,  and  the  distance  from  the  hinder  end  of  m.  3  to  the  posterior 
border  of  the  mandible  is  about  5*6  cm. 

Several  more  or  less  imperfect  curved  fiont  upper  incisors  of  Hyra- 
coids  were  collected.  They  were  of  varying  sixe  and  are  triangular  ill 
Bection,  the  two  anterior  faces  only  being  covered  with  enamel. 

The  remains  of  Gamivora  are  very  rare,  and  few  were  obtained,  the 
most  important  being  a  fragment  of  the  left  maxilla,  with  two  teeth 
(pro.  4  and  m.  1).  The  molar  is  almost  exactly  ihtermediate  in  form 
between  the  corresponding  teeth  in  Pterodon  and  Hyttnodon^  having 
a  less  prominent  inner  tubercle  and  longer  posterior  blade  than  in  the 
former,  but  in  these  characters  more  resembling  the  latter.  It  seems, 
therefore,  that  this  maxilla  belonged  to  ApUrodon  maerognathtUj 
a  species  founded  on  a  mandible,  the  dentition  of  which  is  likewise  in 
some  respects  intermediate  between  that  found  in  the  genera  above 
referred  to ;  it  also  agrees  in  sixe  with  the  specimen  now  under 
consideration. 

An  enormous  canine,  probably  that  of  Pterodon  aftieanui,  some 
cervical  vertebrae,  and  a  tibia  were  also  obtained. 

One  rather  notable  find  was  the  ulna  of  a  large  Wading  bird, 
apparently  nearly  allied  to  Ardea,  Compared  with  the  same  bone  of 
Ardea  goliathy  this  ulna  is  somewhat  smaller  and  notably  stouter  in 
proportion  to  its  length,  but  in  the  form  of  its  extremities  and  of  the 
various  muscle  impressions  it  is  closely  similar.  Bird  bones  are 
extremely  rare  in  these  beds,  at  least  in  sufficiently  good  condition  to 
collect. 

No  notable  reptilian  remains  were  found. 

It  will  be  seen  that  very  much  more  remains  to  be  done  in  the 
Fayiim,  many  of  the  animals  described  being  only  very  incompletely 
known,  from  mere  fragments;  in  several  important  instances,  e.g. 
GeniohytUy  the  skull  remains  quite  unknown. 


II. — Notes  oh  thb  Hocks  op  the  "  Ekaolb  "  Colliotion. 

I. 
By  Alfrbd  Harxkr,  M.A.,  F.R.S. 

rpHE  voyage  of  the  '*  Beagle'*  in  1831-6  was  not  only  the  starting- 
X  point  of  Charles  Darwin's  scientific  career,  but  also,  and  more 
particularly,  it  laid  the  foundation  for  the  whole  of  his  geological 
work,    as    embodied  in  the  well-known  series  of  volumes.'     The 

1  <*  Journal  and  Remarks,"  1839  ;  2nd  edition,  entitled  *'  Journal  ol  fieeeaithes 
.  .  .  during  the  Voyage  of  H.M.S.  *  Beagle '  .  .  .  ,''1845.  **  The  Stmotttre 
and  Distribution  of  Coral  Beefs,"  1842.  **  Geological  Obeerrations  on  the  Volcmnie 
Islands  .  .  .  ,"1844.    **  Geological  Obsenrations  on  South  America  .  .  .  ,*' 1846. 
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coUectioiis  which  he  gathered  during  that  prolonged  voyage  of 
exploi«tio]i  have  tbererore  no  small  interest  of.  a*  historical  and 
sentimental  kind.  It  is  beUeved  that  they  possese;  sdso  a  certain 
intrinsic  Talue;  inasmuch  as  an  examination  of  those  original 
specimens,  witii  the  advantages  conferred  by  modem  pfctjrographical 
methods,  may  sometimes  help  towards  a  better  understiEindrDg  of  the 
lecorded  observations.  Owing  to  his  choice  of  plain  lr«nguage  m 
preference  to  the  now  antiquated  terminology  of  his  time,  IJarwin  is 
seldom  obscure  to  a  modem  reader ;  but  his  characterization  of'  the 
igneous  rooks  which  he  observed  is  necessarily  crude  and  vague:  Kpt 
a  few  passages  may  be  considerably  elucidated  by  merelv  indicbtiti^ 
the  nature  of  the  rocks  which  are  designated  by  such  old-faahion'^* 
comprehensive  names  as  'porphyry,'  'greenstone,'  and  'basalt.'  Iif 
general,  no  more  than  this  will  be  attempted,  at  least  for  those  islands* 
snd  districts  which  have  been  studied  by  other  geologists  with  the  aid 
of  modem  appliances. 

The  greater  part  of  the  "  Beagle  "  collection  is  now  housed  in  the 
Sedgwick  Museum  at  Cambridge.  It  includes  some  2,000  rock- 
specimens,  a  certain  number  being  lost  or  missing,  and  most  of  the 
fossils  ha?ing  passed  long  ago  into  other  hands.  Procured  often  under 
difficult  conditions,  carried  in  many  cases  long  distances  overland,  and 
itowed  in  a  confined  space  on  shipboard,  the  specimens  are  for  the 
most  part  not  of  the  size  and  shape  favoured  by  museum  collectors ; 
but  they  are  sufficient  to  illustrate  the  rock-masses  which  they 
represent,  and  to  provide  thin  slices  for  microscopical  examination.  The 
original  annotated  catalogue,  occupying  four  closely  written  note- 
books, is  a  monument  of  patient  labour.  Under  each  number  is 
a  condensed  description  of  the  rock,  as  seen  by  the  eye  and  the  lens, 
besides  the  necessary  records  of  locality  and  occurrence.  On  the 
opposite  page  are  additional  notes,  also  made  during  the  voyage, 
giving  the  results  of  examination  with  the  blow-pipe,  goniometer, 
magnet,  and  acid-bottle.  Less  commonly  there  are  entries  made  at 
some,  later  time,  sometimes  noting  an  opinion  of  Henslow  or  Miller, 
to  whom  particular  questions  had  been  referred.  A  copy  of  this 
manuscript  list  is  placed  with  the  collection,  and  it  will  be  referred  to 
as  the  ''Catalogue." 

Santiago,  Cape  Yerd  Islks. 

Although  we  shall  in  general  omit  petrographical  det^iils,  some 
exception  may  be  made  in  the  case  of  rocks  which  have  an  interest  of 
their  own,  and  have  not  become  generally  known  from  published 
descriptions.  Such  are  the  lavas  of  the  Cupe  Verd  Isles,  which 
present  a  considerable  range  of  variety  and  include  some  remarkable 
types.  The  valuable  work  of  Doelter*  does  not  ])reteiul  to  com- 
pleteness ;  and  these  islands  have  been  so  seldom  visited  by  geologists 
that  specimens  collected  seventy  years  ago  may  still  furnish  interesting 
material  for  study. 

Both  on  the  outward  and  on  the  homeward  voyage  the  ^'  Beagle  " 

*  C.  Doelter:  "Die  Vulcane  der  Capverden  und  ihre  Producte,"  Graz,  1882. 
A  few  roeks  collected  hj  Doelter  have  been  described  by  Fr.  Eigel :  Tscherm.  Min. 
Petr.  Mitth.  (2),  vol.  xi  (1889),  pp.  91-1U4.  There  are  also  some  earlier  notes  by 
A.  Stdzner:  Berg.  a.  Hiitt.  Zeit.,  vol.  xiiv,  p.  47. 
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touched  at  Port&.Pkaya,  on  the  south  coast  of  Santiago/  the  largest  of 
the  Cape  Yer^'  tF^^P*  Darwin  utilised  his  time  in  exploring  the 
geology  of  the' 'port  and  the  neighhouring  parts  of  the  island,  and 
collected  ahout  150  specimens.  We  shall  refer  to  the  more  interesting 
of  these  !n.'jFhe  order  in  which  they  are  mentioned  in  the  first  chapter 
of  ^*  YolQanic  Islands."  Of  some  of  them  thin  slices  have  heen  made, 
and  the.xramher  of  the  slides,  in  the  Sedgwick  Museum  cabinet,  will 
be'  given  in  brackets. 

.  TH^- lowest  rocks  on  the  coast  near  Porto  Praya  and  on  Quail  Island, 
.UQd^flying   the   white  Tertiary  limestone,   are  highly  basic,    non- 

•  .ier^athic  lavas.      The  fresher   specimens  show  a   very  dark    and 

•  '.'compact  ground-mass,   with   crystals  of  yellow   olivine  and    black 
./augite,  which  are  usually  very  abundant.     Three  examples  which 

have  been  sliced  illustrate  three  different  types,  and  probably  represent 
fairly  the  whole  group.  The  first  [4704]  is  a  limhurgite.  Olivine  is 
the  dominant  mineral,  in  perfectly  fresh  well -shaped  crystals. 
Augite  is  also  abundant,  in  good  crystals  with  some  tendency  to 
stellate  grouping.  It  is  very  pale  in  the  slice,  and  often  shows  fine 
lamellar  twinning.  There  are  also  a  few  little  octahedra  of  magnetite, 
sometimes  enclosed  in  the  olivine.  These  minerals  constitute  the 
greater  part  of  the  rock,  but  there  is  in  addition  an  abundant  glassy 
base  of  deep  brown  colour,  enclosing  very  numerous  little  rectangular 
gratings  of  magnetite. 

The  second  type  [4705]  shows  the  same  minerals,  except  that  the 
olivine  is  largely  replaced  uy  serpentine  and  carbonates.  The  augite 
is  strongly  zoned.  The  ground-mass  consists  of  a  second  generation  of 
augite  and  magnetite,  with  slender  needles  of  apatite  and  a  clear 
isotropic  base,  which  is  quite  colourless.  This  is  evidently  an 
example  of  the  second  variety  of  limburgite  distinguished  by  Doelter 
(op.  cit.,  pp.  134-137)  as  having  a  colourless  instead  of  a  brown  glass. 
The  true  nature  of  the  colourless  base  is,  however,  doubtful,  and  we 
shall  recur  to  the  subject  below. 

The  third  type  [4706]  differs  from  the  foregoing  in  that  oli\ine  is 
scarcely  represented.  The  plienocrysts  are  of  a  pale  yellowish-brown 
augite,  zoned  and  often  twinned,  with  magnetite.  The  ground-mass 
consists,  as  in  the  last  specimen,  of  abundant  little  idiomorphic  uugites, 
maf^netite,  many  needles  of  apatite,  and  a  colourless  isotropic  base, 
which  is  here  in  rather  lai'ger  amount.  This  rock  evidently  belongs 
to  the  *  pyix)xenite8  *  of  Doelter,  which  Rosenbusch  more  conveniently 
terms  *augitite8,'  the  former  name  being  preoccupied  by  a  very 
different  group  of  rocks.  As  in  the  limburgites,  Doelter  (op.  cit., 
pp.  137-143)  distinguishes  two  kinds,  one  having  a  brown  glassy  base 
and  the  other  a  colourless  base,  assumed  to  be  also  glassy. 

The  dykes  mentioned  by  Darwin  (p.  3)  as  intersecting  these  lavas 
seem  to  be  of  related  types,  but  the  only  one  sliced  [4713]  shows 
some  differences.  Augite  preponderates  over  olivine  among  the 
porphyritic  crystals.  The  ground-mass,  in  addition  to  augite  and 
magnetite,  contains  little  slender  crystals  of  felspar,  some  with 
twinning.     It  is  noteworthy  that  most  of  these   crystals  give  low 

>  The  common  Engli^th  spelling  is  here  adopted.  Darwin  writes  the  name 
*  St.  Jago,*  and  Doelter  uses  the  Portuguese  form  *  S.  Thiago.* 
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extinction-angles.  There  is  an  interstitial  base  of  brown  glass. 
Notwithstanding  the  presence  of  some  felspar,  the  affinities  of  this 
rock  are  decidedly  with  the  limburgites  rather  than  the  basalts. 

The  calcareous  deposit  calls  for  no  remark.  The  white  balls, 
mostly  from  one  to  two  inches  in  diameter,  built  up  by  '  NuUipone,' 
are  interesting  as  the  analogue,  on  a  giant  scale,  of  a  certain  type  of 
oolite.  The  alteration  in  the  upper  part  of  the  calcareous  deposit, 
where  it  is  overlain  by  the  younger  lavas  (**  Volcanic  Islands/'  pp.  5, 6), 
is  probably  due  to  solution  and  recrystallization  at  least  as  much  as  to 
metamorphism.  Darwin's  explanation  of  the  curious  intermingling  of 
carbonate  of  lime  and  lava  here,  and  again  at  Red  Mill  (pp.  10-14), 
will  scarcely  be  accepted  at  the  present  day.  He  believed  *'  that  the 
lime  has  been  erupt^,  mingled  with  the  molten  lava."  His  specimens 
seem  to  show  merely  a  breccia  of  pieces  of  dark  lava  in  a  calcareous 
matrix,  and  again  calcite  and  aragonite  crystallized  in  the  vesicles  and 
interstices  of  a  scoriaceous  lava.  This  is  also  the  opinion  which 
Doelter  formed  on  the  spot. 

The  lavas  which  overlie  the  calcareous  rocks  of  the  coast  district 
(pp.  9,  10)  are,  judging  by  the  specimens,  poorer  in  conspicuous 
phenocrysts  than  the  lower  lavas.  Usually  some  small  olivines  are 
the  only  element  visible  to  the  naked  eye.  The  compact  ground-mass 
has  not  the  uniformly  dark  colour  of  the  lower  lavas,  but  is  often 
mottled  or  streaked  with  lighter  and  darker  shades  of  grey.  A  thin 
slice  of  one  example  [4703]  shows  small  crystals  of  the  usual  olivine, 
pale  augite,  and  magnetite,  the  olivine  being  largely  replaced  by 
pseudomorphs  of  a  deep  red-brown  colour.  In  addition,  there  are 
small  crystals  of  felspar  with  twin  laraellation  and  low  extinction- 
angles.  There  is  finally  an  abundant  isotropic  base,  quite  colourless, 
enclosing  very  numerous  slender  needles  of  apatite.  This  colourless 
base  is  partly  segregated  into  little  patches  and  streaks  relatively  free 
from  the  crystallized  constituents  (except  apatite),  and  in  these  places 
it  shows  unmistakably  the  cubic  cleavage  characteristic  of  analcime. 
The  rock  may  therefore  be  styled  an  analcime-hasalt^  allied  to 
monchiqiiite,  the  presence  of  some  felspar  being  the  only  character 
distinguishing  it  from  typical  moiichitjuites. 

In  speaking  of  the  lower  lavas,  the  nature  of  the  colourless  isotropic 
base  in  the  second  and  third  typos  was  left  in  doubt,  its  strictly 
interstitial  occurrence  making  its  identification  a  matter  of  difficulty. 
In  the  rock  now  considered,  althoujifh  isolation  and  chemical  analysis 
are  desirable  to  give  confirmatory  evidence,  there  can  be  no  reasonable 
hesitation  in  recognizing  the  colourless  substance  as  analcime ;  nor  is 
there  any  reason  to  question  its  status  as  a  primary  constituent  of  the 
lava.  How  far  a  like  interpretation  may  be  applicable  to  '  limburgites  ' 
and  *  augitites  *  with  colourless  base  in  the  Cape  Verd  Isles  and 
elsewhere,  it  would  be  rash  to  venture  an  opinion.  If  the  colourless 
base  in  the  rocks  described  above  cm  be  regarded  as  analcime,  then 
[4705]  may  be  named  a  monchiquite,  and  [4706]  a  monchiquite 
without  olivine,  or,  according  to  the  distinction  made  by  J.  F. 
Williams,  afourchite. 

The  lavas  of  Signal   Post  Hill'   (*' Volcanic  Islands,'*  p.   15)  are 

*  *  Flagstaff  Hill '  in  Catalogue  ;  *  Mte.  Facho  '  according  to  Doelter. 
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again  ol  meschsquitie  afflnitiea.  One  fresh  example  has  been  sliced 
[4711].  II  is  a  dark^grej  rock  of  compact  texture,  enclosing 
abundant  alirine,  which  is  partly  red  from  iocipient  change. 
Different  atages  of  the  process  of  alteration  are  shown  by  other 
specimens,  the  final  product  being  the  ''dark  jasper-red  earthy 
mineral/'  witii  ''indistinct  cleavage,"  describea  by  Darwin  in 
a  footnote.  It  is  one  of  the  variable  and  imperfectly-known  alteration 
products  of  ferriferous  olivine  to  which  iddingsite  and  several  allied 
substances  belong.  The  slice  shows  the  olivine  here  to  be  only 
slightly  altered.  As  usual  in  these  rocks,  its  crystals  are  sharply 
formed,  as  are  those  of  the  less  plentiful  augite.  The  latter  mineral 
is  very  pale  brown,  with  the  zonary  banding  well  marked  between 
crossed  nioola  and  sometimes  assuming  the  hour-glass  arrangement. 
There  are  also  grains  of  black  iron-ore  and  a  few  small  flakes  of 
biotite.  The  ground-mass  is  composed  of  numerous  little  crystals  of 
augite  and  magnetite,  with  interstitial  clear  analcime  and  the  usual 
apatite  needles.  The  rock  may  be  named  a  numchiquite.  Another 
sliced  specimen  from  the  neighbourhood  of  the  same  hill  f4712]  is 
elosely  similar  to  the  preceding,  but  the  colourless  interstitud  matter 
ehows  some  difference.  For  the  most  part  it  is  isotropic,  and  may 
probably  be  set  down  as  analcime,  though  the  cleavage  is  not  so 
evident  as  in  the  other  slice.  There  are,  however,  patches,  not 
distinguishable  from  the  rest  in  natural  light,  which  are  birefringent, 
and  are  probably  nepheline.  It  may  be  recalled  that  this  mineral  is 
found  occasionally  in  the  original  monchiquites  of  Brazil. 

The  "inland  hills  of  more  ancient  volcanic  rocks"  have  not 
furnished  many  specimens  to  Darwin's  collection,  and  none  of  these 
have  been  sliced.  Fresh  examples  from  the  **  upper  strata  "  are  dark 
compact  rooks  enclosing  abundant  little  grains  of  olivine,  and  they 
may  be  allied  generally  to  the  limburgites  and  monchiquites,  though 
in  one  case  a  few  slender  crystals  of  felspar  are  just  discernible.  The 
specimens  from  the  "  basal  strata "  are  not  fresh  enough  to  be 
diagnosed,  and  are  of  close  texture  without  visible  crystals.  They 
have  a  yellowish- white  colour,  with  ferruginous  staining,  and  it  is 
possible  that  they  are,  as  Darwin  supposed,  of  trachytic  nature, 
though  Doelter  found  no  true  trachytes  in  the  Cape  Verd  Isles. 

Several  specimens  are  described  in  the  Catalogue  as  "  various 
crystalline  rocks  forming  more  central  part  of  island,''  and  are  stated 
to  come  from  north-west  of  Porto  Praya,  without  closer  specification. 
They  evidently  belong  to  the  same  group  of  lavas  as  those  found  in 
the  coast  district,  and  may  be  from  some  of  the  same  flows.  One 
example  sliced  [4707]  is  a  limhurgite  like  the  one  described  above 
from  Uuail  Island  [4704],  except  that  the  brown  glass  is  here  more 
abundant  than  in  the  former  case,  and  encloses  only  a  few  minute 
crystals  of  magnetite  instead  of  the  abundant  skeleton  growths. 
Another  specimen  [4708]  is  not  very  different.  The  porphyritic 
elements  are  the  same  as  before,  except  that  the  olivine  is  now 
replaced  by  carbonates.  In  the  ground-mass,  besides  the  little 
crystals  of  augite,  there  are  others  of  felspar,  giving  moderate 
extinction-angles,  and  the  interstitial  base  is  the  usual  deep  brown 
glass  of  the  limburgites. 
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A  necimen  from  the  precipice  surrounding  the  village  of  S.  Domingo 
("YolDaiiio  Islands,"  footnote  on  p.  20)  ^ows  the  usual  abundant 
crystals  of  oliyine  set  in  a  dark  compact  ground-mass,  but  a  thin  slice 
[4714]  brings  out  certain  differences.  The  olivine  crystals  are 
tmnaformed,  marginally  or  sometimes  totally,  into  a  deep  red-brown 
nineral,  having  a  high  birefringence  comparable  with  that  of  the  olivine 
bat  with  oblique  extinction.  There  are  also  a  few  small  flakes  of 
Uotite  in  the  rock.  The  general  ground-mass  shows  abundant  minute 
crystals  of  augite,  with  some  of  magnetite,  in  a  colourless  base, 
oiclosing  very  abundant  needles  of  apatite.  The  base  is  in  part 
isotropic,  doubtless  analcimc,  but  largely  of  a  birefringent  mineral, 
which  seems  to  be  felspar  rather  than  nepheline.  Much  of  it  has  the 
i^pearance  of  sanidine.  In  places,  however,  the  interstitial  material 
has  segregated  out  into  relatively  large  clear  patches,  and  these  consist 
partly  of  analcime,  partly  of  a  lamellated  plagioclase  with  low 
extinction-angles. 

It  appears  from  the  foregoing  notes  that  the  prevalent  types  of 
lavas  in  the  southern  part  of  this  island  are  of  highly  basic  or  ultra- 
basic  composition,  and  belong  principally  to  the  liinburgite-monchiquite 
group,  though  including  some  aberrant  varieties.  There  remain  to 
be  noticed  the  phonolites,  which  may  perhaps  be  regarded  as  the 
lencocratic  complements  of  the  preceding.  Darwin  remarks  that, 
among  the  trachytic-looking  rocks  which  make  the  lower  parts  of  the 
flat-topped  hills  inland  from  Porto  Praya  he  found  in  three  places 
•'*  smooth  conical  hills  of  phonoUte,  abounding  with  fine  crystals  of 
glassy  felspar,  and  with  needles  of  hornblende'*  (**  Volcanic  Islands," 
pp.  19,  20).  In  the  Catalogue  two  of  the  specimens  are  described  a« 
from  'paps'  peeping  up  among  the  **  various  crystalline  rocks'* 
(limburgites,  as  we  have  seen)  north-west  of  Porto  Praya,  and  the 
third  from  **  pap-like  hills  composed  of  vitreous  felspar  *'  north-east  of 
Porto  Praya.  Darwin's  account  seems  to  imply,  though  not  very 
clearly,  that  their  relations  are  intrusive,  but  Doeltor  terms  these 
little  hills  *  Kuppen.'  The  specimens  show  fresh  crystals  of  sanidine, 
up  to  i  inch  in  length,  in  a  compact  ground-mass  of  lighter  or 
darker  shades  of  grey,  with  the  characteristic  lustre  imparted  by 
abundant  nepheline.  While  belonging  to  the  phonolite  family,  they 
exhibit  considerable  variety  of  characters.  The  three  specimens  sliced 
illustrate  as  many  different  types,  and  they  differ  also  from  one 
described  by  Doelter  *  from  the  same  neighbourhood. 

In  the  first  type  of  phonolite  [4710]  the  porphyritic  elements  are 
sanidine  and  aegirine,  with  some  crystals  apparently  of  altered 
nepheline  and  a  few  octahedra  of  magnetite.  The  aepjirine  is  green, 
with  fairly  marked  pleochroism,  and  much  of  it  occurs  as  ag<^regatos 
of  little  crystals  making  pseudomorphs  after  lar^<T  crystals.  Tht? 
ground-mass,  constituting  the  greater  part  of  the  rock,  is  composed  of 
very  abundant  little  crystals  of  nepheline  with  sanidine. 

In  the  second  type  [4709]  the  porphyritic  elements  arc  more 
abundant,  and  include  a  greater  variety  of  minerals.  In  addition  to 
the  large  sanidines  there  are  well-shaped  crystals  of  nepheline,  fairly 

^  Op.  dt.,  pp.  SS-Ql,  with  chemical  nnaly»c:4.  The  word  '  nephelinarmen  '  at  the 
beginniog  of  the  daseription  should  be  ^  nephelinreichen.' 
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numerous  little  dodecahedra  of  sodalite,  tuibid  in  the  interior, 
abundant  green  pyroxene  and  deep  brown  melanite,  and  some  rather 
irre<:ularly-5haped  crystals  of  pale  spheue.  The  pyroxene  is  an 
SE^girine-augite  with  strong  pleochroism  in  bluer  and  yellower  shades 
of  green.  The  extinction-angle  in  vertical  8ectio9s  scarcely  exceeds 
a  value  of  about  30^.  In  one  clinopinacoidal  section  the  main  part  of 
the  crystal  gives  32°,  while  a  border  of  rather  deeper  colour  gives  27°. 
The  ground-mass  of  the  rock«  with  well-pronounc«d  flow-structure,  is 
composed  of  sanidine,  nepheline,  and  a  pyroxene,  apparently  eegirine, 
while  slender  needles  of  apatite  are  seen  in  places. 

The  third  type  of  phonolite  [47151  differs  from  that  last  described 
in  carrying  hornblende.  The  sanidine,  nepheline,  sodalite,  egirine- 
augite,  and  melanite  are  present  as  before,  and  the  ground-mass  is  of 
nepheline,  sanidine,  and  aegirine,  with  fluxion-structure.  The  horn- 
blende crystals  are  idiomorphic,  usually  twinned,  and  in  colour  from 
brownish- green  to  greenish -brown  in  the  thin  slice.  They  have  been 
corroded  by  magmatic  resorption,  the  product  of  this  reaction  being 
green  tegirine-augite,  which  mineral  also  occurs  separately  in  small 
idiomorphic  crystals.  It  appears  probable  that  the  aggregates  of 
aegirine  crystals  noted  in  the  first  type  [4710]  have  likewise  been 
formeil  at  the  expense  of  hornblende,  the  transformation  in  that  case 
being  complete.  It  may  further  be  enquired  how  far  the  seemingly 
independent  crystals  of  pyroxene  in  these  rocks  may  be  due  to  the 
breaking-up  of  such  aggregates,  which  originated  as  resorption- 
pseudomorphs  after  hornblende.'  If  there  be  any  truth  in  this 
suggestion,  Doelter's  distinction  between  augite  -  phonolites  and 
liorublende-phonolitcs  may  perhaps  mark  no  very  essential  difference. 
It  is  noteworthy  that,  in  the  phonolite  from  this  neighbourhood  which 
he  studied,  the  two  generations  of  pyroxene  were  found  to  differ 
jxreatly  in  composition,  the  one  being  an  augite  containing  but  little 
>odii,  and  the  other  apparently  an  acmite  or  a?girine  with  a  remarkable 
coutcnt  of  mangiinese. 

The  tc»phrites,  basanites,  felspar-basalt**,  and  nepheline-basalts 
recorded  by  Doelter  from  various  parts  of  the  island  of  Santiago  do  not 
seem  to  be  represented  in  the  **  Beagle  "  collection,  so  far  as  can  be 
judged  from  megascopic  characters;  and  the  prevalent  types  in  the 
di'itnct  of  Porto  Praya  are  doubtless  fairly  illustrated  by  the  specimens 
which  wo  have  selected  for  examination. 


III. — The  Relation  of  tuk  Concretionary  Nodules  of  the  Yarra. 
TO  THE  Calcareous  Xodules  known  as  *  Coal-Balls.* 

By  M.  C.  Stopes,  Ph.D.,  D.Sc,  Lecturer  at  Manchester  University. 

SPHKKOIDAL   concretions  from   the  Yarra   estuary    which    were 
found  to  contain  plant-remains  were  describe*!  by  Mr.  Chapman 
recently   in   this   journal.'      The   structures   in    themselves    are    of 

'  A  like  question  ha.s  been  raiiMHl  bv  Wai^hington  with  reference  to  the  augite- 
grains  in  many  hombleude-undesites :  j'oum.  Geol.,  vol.  iv  (1896),  pp.  273-278. 

2  F.  Chapman,  **  On  Concretionary  Nodules  with  Plant- Kemains  tound  in  the  Old 
Bed  ot  the  Yarra  at  S.  MellK>urne ;  and  their  Keflemblance  to  the  Calcareous 
Nodules  known  as  '  Coal- Balls '  "  :  Geol.  Mao.,  December,  1906,  p.  553. 
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oonsideTable  interest  to  geologists,  and  also  to  palfldobotanists  from  the 
fact  that  they  contain  **  matted  fragments  of  woody  and  foliaceon» 
material."  They  were  made  the  sahject  of  some  comparisons  with 
the  calcareous  concretions  from  the  Lancashire  Coal-measures,  and  aa 
a  result  certain  general  considerations  were  hrought  forward,  which 
call  for  comment,  and  which  are  of  sufficient  importance  to  receive 
attention. 

In  the  first  place,  the  comparison  which  Mr.  Chapman  made 
hetween  the  Yarra  concretions  and  the  English  '  coal-halls '  is  hardly 
justified  hy  the  facts  when  they  are  carefully  considered.  By  those 
who  have  a  practical  acquaintance  with  the  English  Coal-measures 
the  '  coal-balls '  or  calcareous  concretions  which  are  found  actually  in 
the  coal  itself  are  at  once  recognised  as  being  very  different  in  their 
nature,  formation,  and  occurrence  from  the  clay  ironstone  or  clay 
nodules  which  are  found  widely  distributed  in  the  various  beds  of  the 
Carboniferous,  and  which  also  contain  fragments  of  plants  in  many 
cases.  Yet,  though  it  is  with  the  latter  that  the  Yarra  concretions- 
more  nearly  approximate,  it  is  to  the  former  that  Mr.  Chapman  has 
compared  them.  Nevertheless,  he  calls  them  'clay  nodules,'  and 
describes  the  clayey  nature  of  their  outer  layers,  and  states  that  under 
microscopic  examination  the  matrix  ''was  seen  to  consist  of  quartz- 
grains,  tine  calcareous  and  argillaceous  particles,  brown  woody  tissue^ 
and  valves  of  the  marine  diatom  Actinoci/cltu,**  Further,  the  residue 
from  the  nodule  was  shown,  after  treatment  with  H  CI,  to  consist  of 
"a  fine  angular  quartz  sand,  the  grains  of  which  have  a  diameter 
varying  generally  between  -Imm.  and  'OlSmm.  Some  tourmaline 
and  zircon  crystals  were  also  present."  None  of  which  things,  to  my 
knowledge  (except  the  woody  tissue  and  the  calcareous  matter),  are 
in  the  least  characteristic  of  the  true  *  coal-balls,'  which  are  singularly 
free  from  such  materials.  Of  the  coal-bulls  I  have  examined  many 
hundreds,  both  in  sM  and  in  the  laboratorv,  and  have  also  followed 
the  results  of  the  many  analyses  which  have  been  done  for  the  special 
work  I  have  been  undertaking. 

Mr.  Chapman  continues: — **  From  tlie  occurrence  of  the  nodules  on 
the  sides  of  the  old  river  channel,  and  scuUmI  in  depressions,  we  may 
reasonably  assume  that  they  received  their  form  in  *  kettles  *  or 
'potholes'  in  the  clay  botto^u  of  the  river  bed."  These  facts,  again. 
are  fundamentally  opposed  to  those  that  hold  for  the  Yorkshire  and 
Lancashire  *  coal-balls,^  which  occur  neither  in  old  river  channels  nor 
in  '  kettle  '  depressions,  but  are  found  in  a  normal  seam  replacinjjj  the 
coal  in  local  patches,  in  which  the  stratiHcation  of  the  coal  round  them 
is  regular  and  undisturbed,  and  shows  none  of  the  *  swirling  eddies* 
suggested  by  Mr.  Chapman  for  the  cause  of  the  rounded  form  of  these 
concretions.  When  Mr.  Chapman  enters  into  the  theory  of  their 
mode  of  formation  he  reveals  that  he  is  serioush'  hampered  in  this 
attempt  by  want  of  facts  and  au  intimate  knowledge  of  the  actual 
details  of  the  case  of  the  Lancashire  and  Yorkshire  *  coal-balls.' 

Though  superficially  the  Yarra  concretions  and  those  of  the  English 
coal-seams  may  appear  to  bo  similar  structures,  yet  I  think  that 
enough  has  been  said  to  show  that  they  are  of  fundamentally  different 
construction  and  mode  of  origin. 
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The  Yanfa  ooncretioiis  being  formed  aa  tbey  are  of  clayey  maases 
fiorrounding  fragments  of  plants  are,  however,  directly  comparable 
with  the  day  concretions  and  clay  ironstones  which  are  constantly 
found  in  the  English  Coal-measure  beds,  and  which  have  also  yielded 
many  valuable  specimens  of  fossil  vegetables.  These,  however,  are  in 
no  way  comparaole  with  the  true  *  coal-balls,'  which  are  a  formation 
418  unique  and  as  characteristic  as  any  structure  in  the  range  of  geology. 

That  it  is  '*  worth  a  further  enquiry  "  into  the  theories  of  formation 
of  the  English  coal-balls,  is  a  c(mclusion  with  which  one  can  heartily 
■agree  with  Mr.  Chapman,  even  while  controverting  his  original  premises, 
«nd  I  may  add  that  during  the  last  few  years,  assisted  by  the  Royal 
Society  and  in  conjunction  with  Kr.  Watson,  I  have  been  undertaking 
work  of  an  extensive  and  detailed  nature  on  the  subject.  The  results 
of  this  work  all  point  to  the  truth  of  the  in  iM  theory  for  the  coals  in 
which  the  true  '  coal-balls '  are  fouiui,  and  in  a  full  paper  we  hope  to 
set  forth  the  many  and  various  facts  which  support  this  statement. 
It  must  not  be  K>rgotten,  however,  that  the  coals  in  which  these 
structures  occur  are  in  many  ways  rather  special  cases,  and  show 
certain  characters  which  are  almost  unique,  so  that  ''the  evidence 
already  known,  which  goes  to  prove  an  allochthonous  origin  for  much 
of  the  coal-deposits  of  various  ages  in  different  parts  of  the  world," 
does  not  affect  the  question.  Geology  is  now  sufficiently  advanced  to 
recognise  that  there  may  be  two  or  more  modes  of  formation  for  the 
various  coal-seams.  When  structures  so  characteristic  and  so  unique 
AS  the  true  calcareous  '  coal-balls '  occur  in  a  seam,  it  is  but  natural 
to  be  prepared  to  find  that  some  rather  unusual  conditions  were 
Associated  with  the  deposition  of  that  coal. 

To  conclude.  It  appears  that  in  the  facts  of  importance  in  their 
structure  and  origin  the  Yarra  nodules  do  not  resemble  the  calcareous 
nodules  known  as  *  coal-balU,'  and  that  therefore  conclusions  as  to  the 
origin  and  occurrence  of  the  latter  based  on  a  comparison  with  the 
former  must  inevitably  be  fallacious.  The  Yarra  concretions  ore  none 
the  less  interesting,  and  may  be  compared  with  other  concretionary 
structures  in  the  Carboniferous  with  great  advantage. 


IV.  —  SsnowicK    MusErM    Notes. 
Crustacea,  etc.,  from  Gibvav. 

By  F.  R.  CowPBR  Rbed,  M.A.,  F.G.S. 

(PLATE  IV.) 

fpHE  numerous  and  full  accounts  of  the  Crustacea  (apart  from 
1  trilobites)  from  the  Girvan  area  which  Professor  Rupert  Jones, 
Dr.  H.  Woodward,  Mr.  R.  Ethcridge,  jun.,  and  others  *  have  published 
•during  the  last  three  or  four  decades  may  seem  to  render  any  further 
remarks  by  me  superfluous.  But  at  Dr.  Hcniy  Woodward's  suggestion 
Mrs.  Gray  recently  sent  to  me  some  fresh  material  for  examination, 
which,  in  addition  to  yielding  some  new  species,  thi'ows  some  interesting 

i  Peach :  Proc.  Eoy.  Phys.  Soc.  Edinburgh,  vol.  xiv  (1902),  Session  1900>1901, 
Pres.  Add.,  p.  369. 
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light  Mim  pfeViotBly  described  forms,  and  pefraita  some  farther  detiils 
to  be  added  to  our  knowledge  of  them. 

AjfATiropsis  BALCLATCHifiNSis,  sp.  noT.     (Pi.  IV,  Figs.  1-4.) 

Diagno9i9. — ^Valves  oblong,  about  1^  times  as  long  as  high,  longer 
along  Tentral  than  dorsal  margin,  narrower  in  front  than  behind, 
tranaTersely  gently  convex  (in  a  doito-ventral  direction).  Dorsal 
margin  nearly  straight  or  gently  arched.  Anterior  end  narrowed 
slightly,  obliquely  truncated  in  front,  obtusely  pointed  below.  Ventral 
margin  decidedly  convex,  longer  than  dorsal.  Posterior  end  straight, 
trancated  abruptly  and  nearly  at  right  angles  to  dorsal  edge,  withi 
narrow  marginal  raised  rim,  and  a  fairly  strong  nan*ow  straight  groovi^- 
parallel  to  margin  and  at  a  short  distance  from  it,  followed  behind  by 
a  few  finer  parallel  impressed  strife.  From  the  inferior  angle  of  the- 
anterior  end,  a  rather  strongly  impressed  straight  diagonal  line 
trarenes  the  valte,  meeting  the  dorsal  edge  a  little  in  front  of  its 
middle  length  and  thus  cutting  off  a  triangular  area  on  the  surface. 
Below  and  behind  this  impressed  line  the  surface  is  ornamented  with, 
longitudinal  raised  lines  or  fine  lamcllse,  parallel  to  the  ventral  margin  \ 
these  lamellsB,  on  crossing  the  diagonal  line,  bend  up  suddenly  to  run 
parallel  to  the  anterior  end  of  the  valve,  and  at  the  same  time  increase 
somewhat  in  strength.  A  delicate  transverse  lineation  at  right  angles 
to  the  longitudinal  lines  and  between  them  is  visible  in  well-preserved 
specimens. 


X. 

IX. 

8-0 

•  •  • 

•  •  • 

y-5  mm. 

5-U 

•  •  • 

•  •  • 

6*0mm. 

liTlllfWl     ...  •>•  .••  ••• 

Height  (at  posterior  end) 

Hori%an  and  Localii^, — Balclatchie  Beds,  Balolatchie,  Qirvan. 

Remarka.  —  In  1H95  Professor  liupert  Jones  and  Dr.  Henry 
Woodward  *  briefly  described  and  figured  an  imperfect  fossil  from 
Balclatchie,  which  they  doubtfully  referred  to  the  lamellibranch  geons 
Cyprieardiniaf  remarking  at  the  same  time  that  in  one  position  it  hod 
somewhat  the  appearance  of  a  broken  portion  of  a  Pinnocaris. 
Mrs.  Gray  has  recently  submitted  to  me  this  specimen  and  over 
a  dozen  more,  some  of  which  are  much  better  preserved  than  the  type. 
On  further  investigation  of  these  fossils  and  comparison  with  Barrand()'s 
Anaii/aptis  hohefniea^  of  Etage  Dd'S-do,  1  am  convinced  that  they 
must  be  referred  to  this  genus,  whatever  its  true  position  amongst  the 
Crustacea  may  be.  Our  specimens  bear  a  very  close  resemblance  to 
the  one  figured  by  Barrande  in  fig.  36,  pi.  xxvi  (op.  cit.),  and  possess  all 
the  essential  characters  of  the  genus.  It  is  interesting  to  observe  that 
Barrande  himself  stated  that  Wyvillo  Thomson  had  discovered  a  fossil 
similar  to  Anati/op$is  in  the  South  of  Scotland. 

Nearly  all  our  specimens  are  of  left  valves,  as  Barrande  also  remarks 
is  the  case  in  A.  hohemiea. 

The  peculiar  transverse  grooves  or  grooves  at  the  posterior  end  of  the 
valve  are  interpreted  by  Barrande  as  thoracic  segments ;  but  if  so, 

»  Jopes  A  Woodward :  0»ol.  Mag.,  Dec.  IV,  Vol.  II  (1895),  p.  642,  PI.  XV, 
Fiffs.  4«,  Ab. 
*  Banande:  Syst.  Silur.  Bobeme,  vol.  i,  suppl.  (1872),  p.  678,  [1.  zi^i,  figp.  36~il« 
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they  are  completely  fused  with  the  cephalic  shield,  and  the  presence 
•of  free  segments  behind  is  conjectural.  Indeed,  Uie  genus  has  been 
placed  by  some  palaeontologists  amongst  the  Cirripedes,  and  it  is 
possible  tiiat  it  is  really  allied  to  Zepat,  The  dorsal  edge  of  the  valves 
is  never  well  seen,  but  is  more  incurved  than  the  ventral. 

Thei'e  is  a  somewhat  longer  and  narrower  form  of  valve  represented 
•at  Bolclatchie,  with  the  dorsal  and  ventral  margins  straighter  and  nearly 
parallel,  but  otherwise  possessing  precisely  the  same  characters  as  the 
above,  so  far  as  can  be  seen  in  the  two  imperfect  examples  before  me. 
It  probably  belongs  to  another  species,  and  bears  much  resemblance  to 
the  insufficiently  known  A,  longa,  Barrande  (op.  cit.,  p.  579,  pi.  xxvi, 
.figs.  42-45). 

FiNNocAJLis  cuRVATA,  sp.  uov.     (PI.  IV,  Figs.  5-7.) 

The  single  species  of  this  peculiar  genus  hitherto  known  was  first 
described  ^  by  K.  Etheridge,  jun.,  from  the  Balclatchie  Beds  of  the 
Girvan  district,  but  was  subsequently  treated  more  fully  by  the  same 
author  in  conjunction  with  Professor  Nicholson  in  their  **  Monograph 
on  the  Silurian  Fossils  of  Girvan,"  vol.  i,  1880,  pp.  207-210,  pi.  xiv, 
figs.  17-20.  Since  then  Professor  Kupert  Jones  and  Dr.  Henry 
Woodward  have  discussed  it  on  two  occasions '  and  published  figures 
and  accounts  of  the  Balclatchie  specimens  in  Mi*s.  Gray*s  collection, 
and  of  one  English  example  from  the  Upper  Silurian  of  Kendal. 

There  are  seven  specimens  of  a  member  of  this  genus,  from  the 
Starfish  Bed,  Drummuck  Group,  of  Thraive  Glen,  which  Mrs.  Gray 
has  sent  me  for  examination.  The  horizon  is  new,  and  the 
characters  of  the  fossil  are  such  as  to  warrant  its  specific  separation 
from  the  Balclatchie  form  which  was  named  P.  Lapworthi,  The  name 
curvata  may  be  proposed  for  it  on  account  of  its  peculiar  shape. 

Diagnosis,  —  Carapace  bivalved.  Valves  flattened,  triangularly 
obovate  and  elongate,  posteriorly  curved  upwanls ;  anteriorly  broad, 
widening  to  mid(Ue  of  valve,  then  tapering  rapidly  into  long  narrow 
produced  posterior  portion.  Pseudo-umbo  situate<l  at  about  one-third 
the  length  of  the  shell  from  anterior  end.  Dorsal  margin  in  front 
of  pseudo-umbo  obliquely  inclined  downwards,  slightly  concave, 
thickened  internally  ;  margin  behind  pseudo-umbo  curved,  markedly 
concave  upwards.  Anterior  margin  short,  regularly  rounded,  semi- 
elliptical.  Ventral  margin  strongly  convex  to  a  little  behind  middle 
of  valve,  then  curving  rapidly  upwards  and  slightly  concave.  Posterior 
portion  of  valve  narrow,  elongate,  tapering  to  blunt  end,  gently  convex, 
not  corded,  but  marked  with  weak  submedian  groove  along  its  length. 
Surface  of  valves  marked  with  regular  striotions  concentric  to  ventral 
margin,  centreing  on  pseudo-umbo,  and  ending  abniptly  against  pre- 
umbonal  dorsal  margin.  In  internal  casts  there  is  in  each  valve 
a  short  slit  proceeding  obliquely  forwards  from  the  umbo  at  a  small 
angle  to  the  margin,  and  immediately  in  front  of  it  is  another  but 

»  R.  Etheridge,  jun. :  Proc.  Roy.  Phil.  Soc.  Edinb.,  vol.  iv  (1878),  p.  167, 
pi.  ii,  ligs.  3-5. 

2  Jones  &  Woodward :  Mod.  Brit.  Palncoz.  PhvUooarida  (Palieont.  Soc.),  pt.  ii 
(1892),  pp.  118,  119,  pi.  XV,  fif^.  24;  id.,  Geol.'Mag.,  Dec.  IV,  Vol.  II  (1896), 
up.  542-645,  ri.  XV,  Figs.  6-10. 
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weaker  slit,  or  rather  groove,  making  a  smaller  angle  with  the  margin. 
These  alits  represent  short  ridges  in  the  interior  of  the  valyes. 
Dimen9ion$ : 

Jk»  U*  1<* 

Lenfl^th 30-5         ...         26*0        ...         15*50mm. 

Width 13-0        ...         12-0         ...  6-26  mm. 

Remarks. — Tliis  species  differs  from  F,  Lapworthi  in  the  curved  form 
of  the  shell,  the  posterior  part  heing  strongly  bent  up,  und  the  dorsal 
margin  concave  instead  of  straight  and  apparently  not  corded.  The 
anterior  end  is  also  narrower,  and  the  posterior  portion  relatively 
shorter.  The  pre-urabonal  ridges  are  a  special  feature,  and  suggest 
doubts  as  to  the  reference  of  this  fossil  to  the  Crustacea.  One  of  our 
specimens  (c)  shows  both  valves  of  the  carapace  on  counterpart  slabs  of 
rock,  and  from  it  we  are  able  to  see  that  the  posterior  elongation  of  the 
shell  forms  by  the  juxtaposition  of  the  two  valves  a  narrow  laterally 
eompressed  tube. 

PuTNOCARis  Lapwobthi,  Ethoridgc,  jun. 
In  addition  to  some  excellently  preserved  examples  of  this  species  in 
the  Sedgwick  Museum  from  the  type  locality  Balclatchie,  Mrs.  U ray's 
collection  contains  some  from  the  same  beds  at  Dow  Hill  and  Ardmillan ; 
and  another  specimen  from  the  higher  beds  of  Shallocli  Mill  is  scarcely 
to  be  distinguished  from  this  species,  but  its  state  of  preservation 
makes  its  determination  a  little  uncertain. 

DiPTEROCAHlS  (?)    Sp. 

There  is  one  imperfect  right  valve  from  Ardmillan  in  Mrs.  Gray's 
collection  which  appears  to  be  identical  with  the  form  from  Penwhapple 
Glen  which  was  described  and  figured  by  Messrs.  Nicholson  and 
Etheridge'  as  Peltocaris  sp.,  but  which  Professor  Kupert  Jones  and 
Dr.  Woodward^  believe  may  belong  to  the  American  ganus  Dip/erocariSf 
Clarke.  Apart  from  the  new  locality  and  horizon  there  is  nothing 
further  to  learn  from  our  specimen. 

SoLENOCAKIS   SOLENOIDES,    YoUUg.       (PI.  IV,  FigS.  8,  9.) 

The  fossil  described  in  1868  by  Messrs.  Young  ^  as  Soknocan's 
soUnoides  was  referred  by  Professor  Rupert  Jones  and  Dr.  Henry 
Woodward*  in  1885  to  the  genus  Uelmmthochiton.  The  specimens 
figured  by  these  authors,  togetlier  with  some  fresh  material  from  the 
same  localitv,  Balclatchie,  have  been  submitted  to  me  bv  Mrs.  Grav, 
and  a  recently  acquired  specimen  in  the  Sedgwick  Museum  has  also 
been  examined.  There  would  be  nothing  further  to  add  to  the 
description  of  the  species  already  published  if  it  were  not  for  the 
presence  of  one  important  specimen  in  Mrs.  Gray's  collection,  whicli 
shows  four  consecutive  segments  of  the  body  (and  a  trace  of  a  fifth) 
possessing  the  typical  characters  (see  Woodward's  figure,  op.  cit., 
pi.  ix,  fig.  11),  but  which  are  followed  by  a  long  styliform  appendage 

*  Nicholson  &  Etheridge:  op.  cit.,  p.  212,  pi.  xiv,  fig.  21. 

*  Jones  ic  Woodward:    Mon.  Brit,  raliio/.  Phvllopoda,  p.  112,  footnote. 

»  Young:  Proc.  Nat.  Hist.  Glasgow,  vol.  i  '(1868),  pt.  1,  pp.  171-173,  pi.  i, 
figs,  loj  b. 

*  Jones  &  Woodtrard:  Geol.  Mag.,  Dec.  Ill,  Vol.  II  (1885),  p.  356,  PI.  IX, 
Fig.  U. 
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recnlling  the  caudal  style  of  Certtioearii.  The  four  segmenta  and 
the  style  seem  to  belong  to  one  and  the  same  individnal,  and  are 
curved  round  into  a  rough  circle  so  that  the  style  overlaps  and 
crosses  the  first  of  the  segments.  The  style  has  been  slightly  dis- 
placed, but  seems  to  articulate  with  the  last  segment,  though  it  is 
placed  at  what  Messrs.  Young  considered  the  anterior  end  of  the  plate. 
It  has  the  usual  elongate  slender  triangular  shape  of  a  caudal  style  of 
Ceratiocarisy  and  tapers  gradually  to  a  point,  though  the  latter  is 
hidden  by  matrix.  In  length  it  is  at  least  three  times  that  of  the 
last  segment;  it  is  slightly  curved  at  the  base,  which  is  rounded, 
tinincate,  and  slightly  swollen,  and  the  surface  is  longitudinally  striated 
and  very  minutely  granulated,  the  granules  being  arranged  In  transverse 
linear  series,  giving  the  appearance  of  tine  transverse  striation. 
Young  mentions  a  similar  fine  granular  ornamentation  on  the  plate 
of  the  type-specimen  of  Sol,  solenoidea. 

There  are  also  in  Mrs.  Gray's  collection  two  elongated  segments  of 
probably  the  same  species,  but  from  Bow  Hill  and  Atdmillan 
respectively ;  they  are  much  longer  and  narrower  in  proportion  than 
the  Balclatchie  segments,  one  measuring  10*25  mm.  long  by  8  mm. 
wide  at  the  anterior  end,  and  the  other  9  mm.  by  1  *75  mm. ;  they 
decrease  slightly  in  width  posteriorly,  otherwise  they  agree  in  characters 
and  ornamentation  with  the  typical  examples  from  Balclatchie. 

In  the  face  of  this  new  evidence  it  may  be  well  to  hesitate  to  refer 
this  fossil  to  the  genus  Helminthoehiton ;  and  with  the  suspicion  that 
it  may  ultimately  have  to  find  its  place  amongst  the  Phyllocarida  we 
may  return  to  the  old  generic  name  SoUnocaris  ^  without  committing 
ourselves  to  any  final  decision  on  its  affinities. 

The  main  points  of  distinction  between  the  Balclatchie  form 
S.  solenoidesy  and  the  one  from  the  Upper  Bala  beds  of  Fenwhapplo 
Glen  and  Thraivo  Glen  known  as  Hetmintkoekiton  Grayia  have  been 
pointed  out  by  Professor  U.  Jones  and  Dr.  Woodward,  and  need  not 
be  liere  repeated.  But  it  may  be  added  that  in  Sol.  solenoidei  the  longi- 
tudinal ridges  below  the  diagonal  ridge  are  parallel  and  straight,  and 
meet  the  diagonal  at  a  very  acute  angle,  whereas  in  H,  Grayta  they 
curve  up  to  meet  the  diagonal  at  nearly  a  right  angle.  The  plates  of 
the  former  also  ore  covered  with  a  shining  black  chitinous  substance, 
as  is  the  case  with  Crustacea  from  the  same  bed,  whereas  this  covering 
is  absent  from  the  plates  of  J7.  Grayia,  and  they  seem  to  be  composed 
of  a  calcareous  material,  and  are  altogether  thicker  and  stouter  in 
substance. 

Dimeniions  of  figured  specimen  showing  four  segments  and  style  : — 

Length  of  segments           7*0-^*5]mn. 

Height  of  ditto       3'0-2-6  mm. 

Length  of  style      ...        ...        ...        ...        ...  +14*5mra. 

Estimated  total  length  of  ditto     18*0  mm. 

Width  of  spine  at  base      2*0mm. 

Ceeatiocabis  (Solenocaris ?)  sp.     (PI.  IV,  Figs.  10,  11.) 

There  arc  several  specimens  from  Balclatchie  in  the  Sedgwick 
Museum  similar  to  the  style-like  body  accompanying  a  specimen  of 

1  Nicholson  &  Etheridge:  Mon.  Silur.  Foss.  Girvan,  fasc.  i  (1878),  p.  20T. 
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Pmnoearia  Lapwwthi  figured  by  Jones  &  Woodward.^  When  only 
the  broader  part  is  preserved  they  resemble  Hyolithea^  but  it  is  found 
that  the  apex  is  prolonged  into  a  slender  spine  of  greater  or  less  length 
in  complete  specimens ;  and  they  possess  a  black  shining  chitinous  (?) 
shell  like  Solenoearii  ioUnoidet,  In  Mrs.  Gray's  collection  there  is  one 
from  Dow  Hill  measuring  34  mm.  long  and  3  mm.  wide  at  its  base,  and 
another  measuring  a  little  over  30  mm.  long.  The  flattened  broader  part, 
which  is  equal  to  about  half  the  length  of  the  whole  style,  tapers  very 
slightly,  has  a  rounded  or  truncate  base,  and  is  marked  with  a  faint 
dii^onal  ridge,  above  which  are  weak  longitudinal  ridges  or  strisB,  and 
below  which  are  fine  regular  transverse  striae  curving  forwards  a  little 
to  meet  the  diagonal.  The  spine  is  slender  and  rounded,  and  scarcely 
tapers  at  all  from  its  base.  Occasionally  the  whole  basal  portion  of 
the  style  is  crossed  by  the  transverse  striae,  and  the  diagonal  and 
longitudinal  lines  seem  absent ;  and  probably  we  here  see  the  inferior 
lue  of  the  spine,  if  it  was  triangular  in  cross  section. 

Helminthochiton  Gratis  H.  Woodward.     (PI.  IV,  Fig.  12.) 

The  species  was  minutely  described  on  the  evidence  of  two  pieces- of 
the  same  individual,  and  its  affinities  were  discussed  by  Dr.  Henry 
Woodward  in  1885.'  Further  specimens,  numbering  thirteen  in  all, 
from  the  same  locality,  Thraive  Gion,  have  been  recently  sent  to  me  for 
examination  by  Mrs.  Gray :  ten  of  these  are  marked  as  coming  from 
the  Starfish  Bed ;  four  of  them  consist  of  internal  casts  and  external 
impressions  of  two  nearly  perfect  (?)  individuals,  one  being  as  complete 
as  the  type,  consisting  of  seven  plates,  and  the  other,  though  broken, 
showing  the  impression  of  six  segments.  In  another  impression  of 
the  outer  surface  from  Thraive  Glen  there  are  seven  plates  distinctly 
present,  though  the  terminal  poitions  of  the  two  end  plates  of  the 
series  are  broken.  Two  other  specimens  from  the  Starfish  Bed, 
each  with  one  end  imperfect,  show  only  six  plates.  The  other 
specimens  are  more  fragmentary,  or  consist  of  fewer  plates.  However, 
from  the  evidence  of  the  one  from  Thraive  Glen  we  may  conclude 
that  there  were  at  least  seven  segments  in  the  organism,  and  we 
cannot  feel  certain  that  there  may  not  have  been  several  more.  The 
specimen  here  figured  from  the  Starfish  Bed  with  six  distinct 
segments  has  traces  of  a  seventh  at  the  larger  (anterior  ?)  end, 
which  is  bent  sharply  down  into  the  matrix  ;  the  other  (posterior)  end 
iB  narrower  and  slightly  curved  upwards,  and  the  sharp  dorsal  ridge  is 
produced  into  a  distinct  terminal  short  spine,  the  posterior  margin  of 
the  plate  not  being  abruptly  truncated  nearly  at  right  angles  (as  in 
the  others)  but  sloping  up  obliquely  to  meet  the  spiniform  prolongation 
of  the  dorsal  ridge  at  an  angle  of  about  30^.  In  all  the  plates  there 
seems  to  be  a  short  pointed  process  at  the  posterior  end  of  the  dorsal 
ridge,  overlapping  the  succeeding  plate. 

In  two  of  the  specimens  from  Thraive  Glen  the  shell  is  preserved. 
and  there  seems  to  be  on.  these  plates,  as  in  the  external  impressions 

»  Jones  k  Woodward:   Gbol.  Mao.,  Dec.  IV,  Vol.  II  (1896),  p.  544,  Tl.  XV, 

'Woodward :  Gbol.  Mao.,  Dec.  Ill,  Vol.  II  (1885),  p.  352,  PI.  IX,  Figs.  7-10. 
nxcAoa  T. — VOL.  rv.^ivo.  in.  8 
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from  the  Starfish  Bed,  a  minute  linear  g^ranolar  ornamentation  on  the 
ridges  parallel  to  the  inferior  border. 

The  anterior,  shorter,  more  rounded  plate,  which  Dr.  Woodward 
describes  in  the  type  as  probably  the  cephalic  plate,  does  not  seem  to 
be  preserved  in  any  of  the  new  specimens.  Our  figured  specimen, 
which  measui-es  just  40  mm.  when  we  straighten  out  its  curved 
body,  has  the  first  perfect  plate  at  the  anterior  end  measuring  8*5  mm. 
in  length;  the  succeeding  three  are  of  nearly  the  same  length,  but 
the  fifth  one  is  only  5  5  mm.  long,  and  the  terminal  one  only  4  mm. 
The  height  of  the  plates  decreases  gradually  from  about  o  mm.  at  the 
anterior  end  to  2  mm.  at  the  caudal  extremity.  The  ornamentation, 
having  been  carefully  figured  and  desciibed  by  Dr.  Woodward,  calls 
for  no  further  remarks.  Unfortunately  the  new  material  docs  not 
throw  any  fresh  light  on  the  affinities  of  the  fossil,  but  the  discovery 
of  a  long  caudal  style  in  Solenocaris  solenoides^  which  in  so  many 
respects  resembles  Z7.  Orayxa,  makes  us  feel  somewhat  less  certain 
about  its  true  zoological  position. 

Chiton  sp.     (PL  IV,  Figs.  13,  14.) 

There  is  one  specimen  in  Mrs.  Gray's  collection  from  the  Saugh 
Hill  Group  of  Woodland  Point,  Girvan,  which  must  be  referred  to 
the  genus  Chiton,  and  in  some  respects  bears  a  resemblance  to  the  only 
Silurian  species  which  has  been  described,  Ch,  gray  anus ,  De  Koninck.* 
Our  specimen  consists  of  two  consecutive  segments  in  contact,  the 
whole  forming  a  conical  body  about  17mm.  long,  tapering  anteriorly 
at  an  angle  of  about  20^  to  a  pointed  end ;  it  is  strongly  convex,  but 
not  dorsally  keeled,  tlie  plates  being  arched  down  regularly  on  each 
side  from  the  rounded  dorsum.  The  anterior  plate  (broken  in  front) 
is  of  an  acutely  triangular  shape,  measuring  about  9  mm.  in  length, 
4  mm.  in  height,  and  6*75  mm.  in  width  at  the  base ;  the  posterior 
margin  has  a  sinuous  outline,  being  excavated  in  the  centre,  curved 
back  at  the  sides  to  form  the  apophyses,  and  then  sharply  curved 
forwards  to  the  inferior  margin.  The  second  plate  is  transversely 
subrhomboidal,  and  at  first  seems  to  consist  of  two  fused  plates, 
owing  to  a  deep  groove  across  it  behind  its  middle  which  is  due  to 
a  suspension  of  growth,  as  De  Koninck  described  and  figured  in 
Ch.  grayanus.  It  measures  about  7'5  mm.  in  length,  5  mm.  in  height, 
and  8'75mro.  in  basal  width.  Its  posterior  margin  has  the  same 
sinuous  outline  as  its  anterior  edge. 

Each  plate  has  the  shell  preserved,  except  near  the  point  of  the 
anterior  segment,  and  shows  concentric  growth-strieB  parallel  to  the 
sinuous  margin,  with  some  faint  diagonal  strite  on  the  sides  radiating 
from  the  front  end  of  the  first  segment  and  crossing  both  segments 
impailially ;  there  also  appears  to  be  a  tine  granulation  present. 

The  nearest  ally  of  this  form  is  certainly  Ch,  grayanuSy  but  the 
pointed  anterior  plate  is  quite  different  to  the  subcircular  one 
conjectured  by  De  Koninck  for  the  latter. 

From  the  Middle  Bala  of  Shalloch  Mill  Mrs.  Gray  has  obtained  one 

^  De  Koninck  :  Bull.  Acad.  Roy.  Sc.  Beleique,  ser.  ii,  vol.  iii  (1857),  pp.  190-199, 
pi.  i ;  transl.  W.  H.  Baily,  Ann.  &  Mag.  Nat.  Hist.,  ser.  iii,  toI.  vi  (1860),  p.  96, 
pi.  ii,  figs.  \a-d. 
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imlated  imperfect  plate  of  a  Chiton,  in  which  the  sides  are  bent  down' 
raUier  more  acutely  and  suddenly  leaving  a  narrower  dorsum,  but  the 
ornamentation  and  general  shape  appear  to  be  indistinguishable  from 
the  Llandovery  form  above  described. 

EXPLANATION  OF  PLATE  IV. 
Fig.    1. — Jnatifoptit  balelatchUn*it J  sp,noY,    Left  valve,    x  3.    Balclatchie  Beds : 
Balciatcbie. 
„      2. —Ditto.    Ditto.      X  3.    Same  horizon  and  locality. 
„      3. — Ditto.     Ditto.      X  3.     Same  horizon  and  locality. 
,,      4. — Ditto.     Ornamentation  of  surface,      x  25. 

5. — hnftoenrit  eurvatatB^.noY,    Left  valve,    x  2.    Starfish  Bed :  Drummuck 

Group,  Thraive  Glen. 
6. — Ditto.     Ditto.     X  2.     Same  horizon  and  locality. 
7. — Ditto.    Anterior  portion  of  right  valve,  showing  ornamentation,      x  2. 

Same  horizon  and  locality. 
8. — Solenoearii  tolenoldei^  loun^    Posterior  four  segments  with  caudal  spine 
attached,     x  3.     Balclatchie  Beds :  Balclatchie. 
,,      9.— Ditto.     Ornamentation  of  surface  of  spine  of  same  specimen,      x  25. 
,,     lO.  —  CeratiocarU  (Sol^noearis?)  sp.     Caudal  spine,      x  3.     Balclatchie  Beds: 

Dow  HUl. 
,,     U. — Ditto.     Ditto.     X  3.     Same  horizon  and  locality. 

12. — Helminthoehitmi  Orayia,  H.  Woodward.      Internal   cast  of  portion  of 
body,  showing  the  seven  posterior  segments,    x  2.   Starfish  Bed :  Drummuck 
Group,  Thraive  Glen. 
13. — Chiton  Bp.    Side  view,     x  2.     Saugh  Hill  Group,  Woodland  Point. 
14. — Ditto,    Same  specimen,  top  view,     x  2. 
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V. — Deforxatiok   and  Variation  in  the   Sea-Level.^ 

By  H.  W.  Pearson. 

CHANGES  in  the  relative  level  of  sea  and  land  along  the  oceanic 
borders  of  the  globe  seem  to  have  been  in  continual  progress 
during  the  entire  historic  period.  Too  slow  and  gradual  for  direct 
observation,  they  can  only  be  detected  through  compai'ison  of  ancient 
with  modem  maps,  records,  or  statements.  This  comparison  has  now,  in 
hundreds  of  cases,  been  made,  and  it  is  well  established  that  stability  of 
coastline  is  the  exception,  movement  of  elevation  or  depression  the  rule. 
In  one  region,  it  has  been  observed,  the  sea  for  long  periods  of  time 
has  been  in  continual  retreat;  at  another  location  it  has  been  long 
advancing  over  the  land,  while  at  some  third  point  it  seems  to  have 
remained  fixed  in  position. 

In  the  days  of  Linnaeus  and  Celsius,  when  the  uplift  of  the  Baltic 
shores  was  first  recognized,  it  was  believed  that  this  motion  could  be 
best  explained  by  assuming  an  actual  depression,  or  fulling,  in  the 
surface  of  the  sea,  but  since  the  time  of  Playfair  this  idea  has  been 
entirely  abandoned,  and  all  authoiities  now  hold  that  these  motions 
must  be  due  to  movement  in  the  crust  of  the  earth. 

Playfair's  law,  which  has  thus  remained  in  possession  of  the  field, 
has  recently  been  restated  by  Professor  Fairchild  in  the  5th  edition 
of  Lcconte's  **  Elements  of  Geology"  (p.  145),  as  follows: — 
**  But  by  the  principle  of  hydrostatic  level,  it  is  clearly  impossible 
that  the  ocean  should  rise  or  fall  permanently  at  one  place  without 

^  For  former  paper,  see  Gbol.  Mag.,  1901,  pp.  167,  223,  and  253. 
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being  similarly  affected  everywhere.  It  is  certain,  therefore,  that  the 
changes  we  have  described  above,  being  in  different  directions  in 
different  places,  must  be  due  to  movements  of  the  solid  crust." 

It  seems  that  the  conclusion  above  reached,  based  upon  an  argument 
first  advanced  about  a  century  since,  yet  remains  unchallenged.  The 
position  assumed,  at  first  glance,  appears  logical,  plausible,  and 
unassailable.  Nevertheless,  there  are  certain  considerations  arising 
from  facts  of  recent  development  that  should  induce  us  to  examine 
this  problem  anew. 

It  will  be  seen  that  the  entire  weight  of  the  above-mentioned 
argument  is  contained  in  the  assumption — '*  It  is  absurd  to  assume 
a  rise  of  the  sea-level  in  one  place  and  a  fall  in  another  at  the  same 
time"  (Huxley,  Physiography,  p.  211);  and  if  we  find  this  position 
to  be  in  error  the  long-adopted  principle  of  Play  fair  must  be  held  no 
longer  tenable. 

In  opening  this  question  anew,  let  us  first  give  consideration  to 
Mr.  William  Ferrel's  law  of  deformation  of  sea-levels  by  ocean 
currents,  contained  in  Science,  vol.  vii,  p.  76.  In  this  paper  it  is 
shown  that  oceanic  currents  impinging  upon  a  shore-line  have 
a  tendency  to  elevate,  those  fiowing  away  from  a  shore-line  have  a 
tendency  to  depress,  the  surface-level  of  the  adjoining  waters.  A  table 
is  also  given  by  which  the  amount  of  this  deformation  in  any  given 
latitude  may  be  determined  when  the  rate  and  direction  of  flow  are 
known.  By  application  of  this  table,  and  with  the  most  conservative 
estimate  that  the  Gulf  Stream  is  fiowing  poleward  at  the  rate  of  but 
four  miles  in  twenty-four  hours,  Ferrcl  shows  that  the  waters 
adjoining  New  York  would  be  depressed  about  6  feet  below,  and  the 
waters  adjoining  Liverpool  elevated  5  feet  above,  the  notmal  sea-level, 
through  the  disturbing  effect  of  the  waters'  flow.  This  total  difference 
of  1 0  feet  in  elevation,  however,  he  estimates  will  be  cut  down  about 
one-half  from  the  effects  of  under-currents  impelled  by  the  differing 
hydra\ilic  heads  above  mentioned.  His  net  result,  therefore,  is  to  find 
the  waters  around  France  and  the  British  Islands  elevated  some  2^^  feet 
above,  and  those  around  New  York  depressed  some  2^^  feet  below,  the 
normal  level  of  the  sea. 

The  values  above  reach eil,  however,  seem  much  smaller  than  the 
actual  current  velocities  will  warrant.  Data  from  the  papers  and 
charts  of  the  U.S.  Hydrographic  Office  and  the  English  Admiralty 
give  results  at  least  double  or  treble  the  value  of  four  miles  in 
twenty-four  hours  assumed  by  FeiTcl.  We  must  consequently  con- 
clude the  waters  adjacent  to  the  British  Isles  to  be  elevated  some 
6  to  7  feet  above  the  normal  oceanic  surface. 

To  the  north  of  England  the  current  is  compelled  to  a  more 
northerly  course.  This  change  in  direction,  combined  with  the  effect 
from  the  more  rapid  shortening  of  the  cosines  of  these  latitudes,  seems 
to  make  necessarj'  on  the  coast  of  Norway  a  still  greater  rise  in 
surface  elevation  than  has  already  been  determined  for  the  coa^  of 
England.  • 

This  writer,  with  data  somewhat  uncertain  both  as  to  direction  and 
velocity,  has  reached  results  off  the  north  coast  of  Norway  calling  for 
an  elevation  of  over  20  fe^t  in  the  surface-waters,  on  these  shores. 
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This  amotint,  if  redact  one-half  by  escaping  currents  as  estimated  bj 
Ferrel,  would  still  leave  deformation  of  over  10  feet. 

Applpng  in  similar  manner  FerreVs  law  to  other  ocean  currents, 
we  ind  deformation  in  sea-level  to  obtain  on  every  coastline  on  the 
globe.  Nowhere  do  we  find  a  level  surface.  For  instance,  that 
current  which  in  mpre  northern  regions  becomes  the  Qulf  Stream  is 
'first  recognized  somewhere  south  and  west  of  Cape  of  Good  Hope.  At 
this  latitude  the  surface  of  the  earth  is  rotating  to  the  east  at  a  rate  of 
about  790  miles  per  hour.  At  the  Equator  the  rate  of  rotation  is 
1,040  miles  per  hour.  These  waters,  therefore,  before  passing  the 
Equator,  must  undergo  an  acceleration  of  some  250  miles  per  hour. 
Some  of  this  acceleration  will  be  obtained  from  impulse  of  the 
surrounding  waters,  some  possibly  from  contact  with  the  bottom,  but 
■the  final  acceleration  must  certainly  be  reached  by  the  crowding  of 
these  waters  against  the  entire  eastern  shore-line  of  South  America, 
where  deformation  of  level  in  the  surface-waters  must  necessarily 
ooenr. 

It  follows,  as  a  consequence,  that  a  deformed  and  elevated  water- 
surface  must  exist  along  the  entire  coastline  of  Brazil.  Furthermore, 
we  might  infer  that  the  south -flowing  Brazilian  current,  like  its 
prototype  on  the  east  coast  of  England,  is  an  escaping,  or  secondary, 
current,  impelled  by  the  hydrostatic  head  in  existence  on  those  shores, 
as  already  suggested  by  Ferrel. 

In  the  Guli  of  Mexico  an  elevated  surface  is  necessarily  established 
by  the  united  effect  of  the  Equatorial  and  Gulf  Currents.  A  gradually 
declining  surface  from  Florida  to  Nova  Scotia  and  Greenland  should 
also  be  expected  as  we  pass  to  the  noith,  due  to  the  retreat  of  the 
Gulf  Stream  from  these  shores.  Some  local  elevation  in  the  vicinity 
of  the  continental  projections  of  Nova  Scotia  should  also  appear,  from 
the  uplifting  effect  of  the  south-flowing  Labrador  current. 

On  the  European  coasts  a  progressive  rising  gradient  should  be 
fonnd  from  Africa  northward  to  the  shores  of  Nova  Zembla. 

Ferrers  law  teaches  us,  thei*eforc,  that  as  long  as  ocean  currents 
flow  upon  a  rotating  earth  it  is  impossible  to  expect  that  confluent 
seas  in  differing  latitudes,  on  any  one  coastline,  should  have  the  same 
absolute  surface  elevation. 

It  will  now  be  observed  that  the  magnitude  of  these  deformations 
in  oceanic  surface  as  demanded  by  our  law  are  such  as  to  make  their 
discovery  almost  a  necessity.  We  are  therefore  justified  in  searching 
the  records  of  levelling  operations  with  the  view  of  learning  to 
what  extent  FerrePs  deductions  may  be  confirmed  by  actual  fact. 
Below  we  quote  a  few  results  arrived  at  from  lines  of  precise  levels, 
extended  at  different  dates  through  Europe,  the  United  States,  and 
Canada.  This  list  might  be  considerably  enlarged,  but  the  result 
would  be  invariably  the  same.     All  lines  of  level  confirm  Ferrel. 

Precise  levels  in  England  indicate  that  **The  sea-level  of  the 
northern  part  of  the  island  generally  is  higher  than  that  of  the 
southern  part."     (U.S.  Coast  Survey  Rep.,  1874,  p.  256.) 

General  Tenner  found  the  Baltic' Sea  to  be  0  53  fathom  (318  feet) 
higher  than  the  Black  Sea.  (This  line  through  Russia.)  (Smithsonian 
B^Tt,  1890,  p.  312.) 
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The  Encyo.  Brit.,  vol.  xxii,  p.  708,  says :  *•  Lines  of  level  carried 
across  the  continent  of  Europe  make  the  mean  sea -level  of  the 
Mediterranean,  at  Marseilles  and  Trieste,  from  2  to  5  feet  below  that 
of  the  North  Sea  and  the  Atlantic,  at  Amsterdam  and  Brest,  a  reiult 
which  is  not  easy  to  explain  on  mechanical  principles  "  (my  italics). 

In  Science,  vol.  iii,  the  results  from  numerous  lines  of  level  in 
Europe  are  mentioned  as  follows: — Bourdalone  in  1864  stated  the 
average  level  of  the  Mediterranean  to  be  0*72  metre  below  that  of  the 
Atlantic.  General  Ibanez  has  shown  the  difference  of  level  between 
Santander  and  Alicante  as  0*66  metre,  and  between  Marseilles  and 
Amsterdam  (through  Alsace  and  Switzerland)  as  0*80  metre. 

Other  differences  are  shown  between  the  Mediterranean  and  North 
Sea  as  follows: — Through  Prussian  levels,  0*757  metre,  vid  Alsace 
0*809  metre,  through  Switzerland  0*832  metre,  between  Trieste 
and  Amsterdam  (vid  Silesia  and  Bavaria)  0*59  metre.  (Science, 
vol.  iii,  p.  54.) 

In  Science,  vol.  vii.  p.  75,  we  are  told  by  Ferrel  that  the  mean 
level  of  the  harbour  of  Brest  is  1*02  metre  higher  than  the  surface- 
level  of  Marseilles. 

In  the  United  States  we  find  the  same  condition.  Some  twelve  or 
fifteen  lines  of  levels  from  various  points  on  the  Atlantic  coast  result 
invariably  in  determining  the  Gulf  of  Mexico  to  be  elevated  above  the 
waters  of  the  Greater  Ocean. 

Hilgai*d  in  1884,  from  three  sets  of  levellings,  showed  the  Gulf  at 
New  Orleans  as  one  metre  higher  than  the  Atlantic  at  Sandy  Hook. 
(Science,  vol.  iii,  p.  504.) 

C.  A.  Schott  shows  that  the  difference  of  level  between  Sandy  Hook 
and  Lake  Ponchartrain  is  1*002  metre.     (Science,  vol.  vii,  p.  102.) 

Mr.  John  F.  Hayford,  in  Appendix  No.  8  (U.S.  Coast  and  Geol. 
Survey  Reps.,  1899,  pp.  397-431),  has  shown  that  the  average  of  sir 
lines  of  precise  levels  run  across  Florida,  from  St.  Augustine  to  Cedar 
Keys  (1892,  1893,  and  1894),  gave  as  result  the  Gulf  to  be  -2585  metre 
above  the  Atlantic.  He  also  shows  that  a  line  from  Old  Point  Comfort 
on  the  Chesapeake  to  Biloxi,  Miss.,  found  the  excess  in  surface-elevation 
of  the  Gulf  to  be  1*028  metre,  and  a  series  of  levels  from  Sandy  Hook 
to  Biloxi — evidently  not  the  same  lines  as  those  mentioned  by  Hilgard 
and  Schott — resulted  in  a  difference  of  *385  metre.  He  furthermore 
gives  an  excess  in  the  Gulf  level  of  *175  metre,  arrived  at  by  way  of 
a  line  from  Boston  and  New  York  to  Lake  Ontario,  thence  to  Chicago 
and  Duluth,  and  thence  by  a  most  circuitous  course  to  the  Gulf.  The 
extraordinary  length  of  this  line,  however,  would  seem  to  render  its 
conclusions  less  trustworthy  than  the  more  direct  lines  previously 
mentioned. 

In  1883  to  1886  the  Canadian  Department  of  Public  Works  caused 
a  line  of  levels  to  be  run  from  Quebec  to  House's  Point,  N.Y.,  where 
a  bench-mark  of  known  altitude  above  mean  sea-level  at  Sandy  Hook 
hud  been  established  by  the  U.S.  Engineers.  The  result  of  this  line  was 
apparently  to  establish  the  fact  that  the  sea-level  at  Quebec  was  some 
5^  feet  helow  that  of  New  York  (5  52  feet).  This  determination  was 
unexpected  to  this  writer,  as  from  the  application  of  FerreFs  formula 
it  would  appear  that  the  elevating  effect  of  the  southward-flowing 
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Labrudor  current,  in  immediate  contact  with  the  shore-line,  would  be 
much  in  excess  of  the  depressing  effect  of  the  distant  Gulf  Stream. 
It  seemed,  therefore,  impossible  to  explain  mathematically  this 
surprising  lack  of  elevation  in  the  St.  Lawrence. 

Such  explanation,  however,  no  longer  seems  necessary.  In  the 
Trans,  of  the  Can.  Society  of  Civil  Engineers  for  19(i3,  it  has  been 
shown  by  W.  B.  Dawson  that  the  Admiralty  datum  at  Quebec  is 
8*58  feet  below  mean  sea-level,  and  that  by  reason  of  this  the  mean 
sea-level  at  Quebec  had  been  assumed  as  about  8  feet  too  low. 
Mr.  Sproulc  then  pointed  out — *•  This  would  imply  that  the  observed 
sea-level  in  Quebec  was  3}  feet  higher  than  the  sea-level  at  New 
York  '*  (p.  124).     Ferrel's  deductions  are  thus  again  confirmed. 

A  rising  gradient  of  exceptional  magnitude  is  found  in  the  line  of 
levels  run  by  Mr.  Bunt  in  1837  and  1838  from  Portishead  on  the 
Bristol  Channel,  southward  to  Axmouth  on  the  English  Channel. 
This  levelling  was  made  at  the  instance  of  the  British  Association, 
and  was  one  of  the  first  attempts  to  introduce  extreme  accuracy  into 
such  labours.  The  result  of  nearly  9  inches  excess  in  northern 
elevation,  however,  can  hardly  be  ascribed  entirely  to  the  cause  herein 
urged.  Sir  Charles  Lyell  (Principles,  9th  ed.,  p.  295)  has  shown  that 
**The  rise  of  a  tidal  wave  above  the  mean  level  of  a  particular  sea 
must  be  greater  than  the  fall  below  it."  Owing  to  the  extreme  range 
of  tides  in  the  liristol  Channel,  it  seems  veiy  probable  that  the  greater 
portion  of  the  observed  elevation  of  9  inches  may  be  due  to  the 
operation  of  this  last-named  law. 

It  would  now  seem  that  the  illustrations  above  given  are  ample  to 
establish  the  fact  that  Ferrel's  law  is  supported  by  all  actual 
differences  in  level  of  which  we  have  knowledge. 

Heretofore,  these  differing  elevations  have  been  held  as  doubtful, 
absurd,  and  unexplainable.  They  have  been  regarded  as  in  opposition 
to  mechanical  principle.  The  officers  of  our  own  Coast  Survey,  have 
rejected  them  utterly.  They  have  held  the  Gulf  and  Atlantic  to  be  at 
the  same  elevation,  and  have  assumed  the  apparent  elevation  of  the 
Gulf  as  due  to  some  mvsterious  and  systematic  neries  of  errors  in 
levelling,  by  which,  under  some  process  still  more  mysterious,  these 
distortions  of  fact  have  been  made  to  appear  always  in  one  direction. 
Giving  expression  to  their  beliefs,  they  have  alno  arbitrarily 
*•  adjusted"  the  elevations  of  some  4,000  bench-marks  of  the  precise 
level  lines  of  the  United  States,  in  an  effort  to  eliminate  these 
unexplainable  differences.  (See  Report  Coast  and  Geod.  Survey, 
1899,   App.  8.) 

The  logic,  the  unquestioned  value,  the  simplicity  of  Ferrel's  law, 
however,  now  bring  fact  and  theory  once  again  into  harmony.  In  the 
oc^an  currents,  crowding  against,  or  flowing  from,  the  oceanic  coast- 
lines, we  find  perfect  explanation  of  all  known  cases  of  discrepancy  in 
altitude. 

We  are  now  in  position  to  advance  one  step  farther  in  our 
examination  as  to  the  truth  of  Playfair's  law,  and  may  reason 
somewhat  as  follows  : — 

It  will  be  admitted,  I  think  without  question,  that  the  argument 
above  presented  has  considerable  weight,  that  there  is  mathematical 
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support  to  Farrel'B  contention,  and  that  when  we  assume  the  surface 
of  the  sea  to  he  held  at  ahnormal  levels  of  elevation  or  depression, 
determined  hy  the  rate  and  direction  of  flow,  there  is  logic  and  merit 
in  our  position. 

Now,  then,  if  these  waters  are  so  held  at  elevations  of  3,  5,  or 
10  feet  ahove  or  helow  the  normal,  depending  on  the  direction  and 
velocity,  it  is  an  incontestahle  deduction  that  if  the  slightest  change 
in  direction  or  velocity  of  these  currents  takes  place,  these  waters 
should  immediately  alter  their  surface-level  in  corresponding  degree, 
a  rising  sea-level  at  one  location  heing  necessarily  accompanied  hy 
a  falling  sea-level  at  some  not  distant  point. 

We  will  now  examine  as  to  the  probability  or  possibility  of  the 
occurrence  of  such  suggested  diversion  and  variation  in  currents. 
This  question  is  almost  a  new  one,  but  no  difficulty  should  be 
encountered  in  entertaining  the  conception  that  such  changes  may 
have  taken  place  in  the  past,  notwithstanding  the  dearth  of  observation 
in  this  regard. 

Pillsbury's  study  of  the  Qulf  Stream  has  shown  daily,  monthly, 
and  annual  variations  in  flow,  but  these  changes,  owing  to  their  short 
period,  probably  have  little  effect  on  the  sea-level  at  distant  points. 
His  observations  were  not  extended  over  a  sufficient  number  of 
years  to  determine  cycles  of  long  period,  but  certain  observations  in 
this  direction  have  been  made  by  others,  which  are  of  such  importance 
and  have  such  direct  bearing  on  the  problem  as  to  entitle  them  to 
mention. 

In  *' Prehistoric  Europe''  Mr.  James  Qeikie,  from  consideration  of 
the  variation  in  life-forms  between  Capo  Cod  and  the  Bay  of  Fundy, 
infcn'cd  that  the  Qulf  Stream  formerly  carried  into  the  north 
a  *'  much  greater  body  of  heated  water  than  now  reaches  such  high 
latitude"  (p.  503). 

Dr.  James  Croll,  from  study  of  the  fossils  in  the  Carse  clays  of 
Scotland,  held  that  when  these  clays  were  deposited  the  mean  Winter 
tem]>eraturo  must  have  been  10^  or  15^  lower  than  at  present,  and 
thut  the  (luLf  Stream  was  then  *' considerably  reduced."  (''Climate 
and  Cosmology,"  p.  115.)  The  recency  of  this  change  is  affirmed 
by  the  fact  that  these  clays  contain  many  buried  canoes  and  other 
relics  of  early  man. 

In  Popular  Sci.  Monthly,  vol.  xx,  p.  668,  Mr.  James  Geikie  is  again 
quoted.  He  therein  shows  that  the  climate  of  North -Western  Europe 
has  been,  and  may  yet  again  be,  modified  by  changes  in  the  flow  of 
the  Gulf  Sti*eam. 

In  the  Smithsonian  Report  for  1869  M.  Babinct  discusses  the 
deterioration  in  climate  of  Greenland  and  the  Arctic  n^gions  generally 
during  the  last  few  centuries.  His  conclusion  is  that  the  only 
explanation  of  many  observed  facts  connected  with  the  movements  of 
ice  masses  and  variation  of  climate  in  those  regions  is  found  in 
a  '^diminution"  of  the  Gulf  Stream,  and  he  ** boldly  affirms"  that 
the  current  passing  around  North  Cape  is  now  decreasing  and  carrying 
less  heat  than  formerly  (p.  291). 

In  the  article  '*  Oscillations  in  the  Sea  Level "  (Geological 
Mauazink,    April,    May,    and    June,    1901)    this    writer    also,    like 
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Babinety  was  compelled  to  invoke  a  i*ocent  diminution  in  the  Gulf 
Btream  to  explain  the  progressive  protrusion  of  the  entire  northern 
hemisphere  above  the  level  of  the  sea  during  the  last  three  centuries. 

Other  changes  in  direction  or  velocity  have  been  either  actually 
observed  or  inferred  from  indirect  evidence. 

Humboldt  informs  us  that  a  current  near  the  Bahamas  flowed  to  the 
south-east  in  1787.  It  now  flows  to  the  north-west  at  a  velocity  of 
26  miles  a  day. 

Repeated  9tatements  have  been  made  that  at  different  times  in  the 
past  the  fish  (cod  or  herring)  industry,  off  the  coasts  of  Ireland, 
Scotland,  Denmark,  and  France,  has  been  ruined  or  injured  by  the 
migrations  made  necessary  by  the  diversions  of  ocean  currents. 

Dr.  Bessel  has  shown  that  the  currents  of  Davis  Straits  formerly 
Tan  in  an  opposite  direction.  Reclus  has  shown  also  that  during  the 
Tertiary  period  the  Gulf  Stream  along  the  coast  of  Cuba  had  direction 
differing  from  that  of  the  present. 

It  will  be  admitted  that  the  citations  above  given  in  no  case  seem 
conclusive.  .  They  are  mostly  deductions  made  by  those  who  have 
otherwise  been  unable  to  explain  observed  phenomena.  Nevertheless, 
the  established  positions  of  many  of  those  who  have  drawn  these 
conclusions  and  the  profound  respect  we  entertain  for  their  judgment 
should  warrant  us  in  accepting  their  decisions  as  most  certainly 
probable. 

We  may  adopt,  therefore,  as  most  reasonable,  even  if  not  yet  firmly 
established,  the  following  proposition: — Variation  and  diversion  of 
ocean  currents  have  certainly  occurred  in  the  past.  It  is  probable 
that  these  changes  may  be  going  on  to-day,  and  it  is  certain  we  must 
expect  them  in  the  future. 

Now,  then,  it  seems  a  mathematical  certainty  that  if  either  variation 
or  diversion  in  flow  of  ocean  currents  takes  place  the  surface-levels  on 
all  coastlines  must  change  in  due  proportion,  and  that  these  changes 
must  necessarily  be  in  opposite  directions  in  not  distant  locations. 
It  thus  appears  that  Playfuir's  law,  unchallenged  for  a  century,  has 
during  all  this  time  occupied  a  position  to  which  it  had  no  title. 
During  the  full  lifetime  of  the  science  of  geology  we  have  been 
utilizing  the  apparent  motions  in  the  earth's  crust  herein  considered 
as  types,  as  living  illustrations,  of  that  uplifting  of  continents,  that 
alow  growth  in  mountain  chains,  recjuired  by  our  modern  doctrines. 

Playfair's  theory  has  thus,  by  its  absolute  and  unquestioned 
acceptance  during  this  long  period,  put  bar  upon  progress.  No  man 
had  courage  to  question  its  correctness,  therefore  no  man  had  occasion 
to  seek  other  explanation.  Now,  however,  the  argument  so  long 
unassailable  fails  us;  we  find  it  weak,  erroneous,  impotent,  and  when 
we  look  back  over  our  recent  geolop^ic  pathway  and  see  how  much  we 
have  built  upon  this  frail  foundation,  upon  this  uncertain  inference 
of  a  plastic  and  mobile  crust,  one  is  tempted  to  ask  how  can  such 
building  be  stable?  How  can  such  superstructure  be  more  enduring 
than  its  supporting  fabric  ? 
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VI. — A  Tabular  View  of  the  Cbetacxous  Poltzoa  of  the  Fauilt 

Idhomiidje. 

By  W.  D.  Lang,  M.A.,  F.Z.S.,  F.6.S.,  of  the  British  Museum  (Natural  History). 

IN  the  Geological  Magazine  for  1906^  a  key  of  the  published 
figures  of  the  Cretaceous  forms  referable  to  the  genus  JSntalophora 
was  offered  in  the  hope  that  by  means  of  it  the  difficulties  attendant 
on  the  determination  of  the  species  of  this  genus  might  be  obviated. 

A  similar  key  was  prepared  for  the  difficult  genus  Retecava  ;  but  in 
its  preparation  it  was  found  necessary  to  overhaul  other  genera  of  the 
fiimily  IdmoniidaD,  a  work  which  resulted  in  reducing  all  the  genera 
of  this  family  to  a  tabular  form  for  the  determination  of  the  species. 
These  tables  are  here  given  for  the  use  of  the  collector  in  determining 
the  forms  and  as  a  guide  to  the  descriptions  in  the  British  Museum 
Catalogue. 

I.     The  Gekeba  compbising  the  Idkokiii)J{. 

The  IdmoniidsB  are  defined  as  Cyclostomata  Tubulata  in  which 
there  is  a  *  reverse  face '  of  the  zoarium  without  apertures,  and  those 
on  the  *  obverse  face '  are  arranged  in  rows  symmetrically  about  the 
middle  lino. 

Like  other  families  of  Cretaceous  Polyzoa,  the  Idmoniidse  include 
encrusting  and  branching  forms  which  pass  in  regular  sequence  from 
strap-shaped  zocecia  through  discoid  to  erect  forms.  There  is  no 
foliate  genus  like  Diastopora '  among  the  Diastoporidae.  The  simplest 
genus,  Idmonea,  resembles  forms  of  Prohoscina  such  as  P.  radiolitorum 
and  P.  anomala;  the  former,  as  pointed  out  by  Gregory,*  being 
intermediate  between  Prohoscina  and  Idmonea^  thus  suggesting  the 
origin  of  the  family. 

The  following  is  a  tabular  view  of  the  genera  included  in^  the 
family  : — 

IDMONIID^. 

A.  Zoarium  enatuiing, 

I.  Zoarium  ntrap  -  shaped  (like  ProboMcitia),  or  if  discoid  the 
zooDcia  are  arranged  on  strap*  shaped  ridges  ;  apertures  in 
alternate,  pinnately-arrangea  rows. 

a.  Apertures  in  single  lateral  series        Idmonea. 

b.  Apertures  in  double  lateral  series  (except  at  extreme 

proximal  end)  Reptofateigera. 

(Only  Kpeciew,  R,  alternnta^  d'Orbigny,  1853  :    Pal. 
FrauQ.  Br>'.  Cret.,  pi.  744,  figs.  4-6.) 
11.  Zoarium    discoid    (like    Beren\ce»)  ;     zoaH:ia    in    radially- 

arranged  rows  ...         ...         ...  Phalangtlla. 

(Only  Cretaceous  species,  Berenkea  radians^  Novak, 
1877,  Bry.  Hohm.  Kr.  :  Denk.  Ak.  Wiss.  Wien., 
vol.  xxxvii,  pt.  2,  pi.  iv,  figs.  15-18.) 

B.  Zoarium  erect f  of  hollow  orattchts  Semielauta. 

*  W.  D.  Lang,  **A  Key  to  the  l^blished  Figures  of  the  Cretaceous  Forms  of 
Entalophora'' :  Geol.  Mao.,  1906,  p.  462. 

2  Cf.  n  similar  case  in  the  Eleida* :  see  Lang,  Gkol.  Mao.,  1906,  p.  60. 

'  J.  W.  Gregor)':  Brit.  Mus.  Cat.  of  Cretaceous  Br}'ozoa,  vol.  i  (1899),  p.  150. 
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C.  Zoartum  ereet^  of  tolid  hranehtt. 

I.  No  impaired  median  nor  multiple  median  series  of  apertores. 

a.  Apertures  in  double  lateral  series BUubigera.. 

(Only  Cretaoeous  species,  B,  comprMta^  Marsson,  18B7, 
Bry.  Riig. :  Pal.  Abh.,  vol.  vr,  pi.  iii,  fig.  1.) 
h.  Apertures  in  single  lateral  series. 

1.  Apertures  circular  or  tear-shaped.    In  the  former  case 

longitudinal  grooves,  slots,  or  ^^ular  depressions 
are  present  on  the  zoarium  ;  in  the  latter  case  the 
reTerse  face  is  very  narrow. 

a.  Zoarium  yerv  compressed  in  a  plane  at  right  angles 
to  that  of  the  obverse  and  reverse  faces ;  reverse  face 
well  developed  Bieritina, 

0.  Zoarium  not  very  compressed  ;  reverse  face  very  narrow    Suleoeava^ 

2.  Apertures  circular  (tear  -  shaped   in    two   species    of 

jReiecava,  but  in  both  toe  reverse  face  is  well 
developed).  If  longitudinal  ^ooves  or  depressions 
are  present  on  the  zoarium,  it  is  never  very  com- 
pressed in  a  plane  at  right  angles  to  that  of  the 
obverse  and  reverse  faces  (as  in  BieiH»ina),  nor  is  the 
reverse  face  reduced  (as  in  Suleoeava), 

a.  Branches  verv  compressed  in  a  plane  at  right  angles 
to  that  of  tne  obverse  and  reverse  faces ;  or  if  not  so 
compressed  the  reverse  face  is  very  narrow Reticritina^ 

/9.  Branches  cylindrical  or  moderately  compressed ;  reverse 
face  well  developed. 

a.  An  *  axial  rod  '   more  or  less  developed  on  the 

reverse  side  lUteeava, 

b.  No*  axial  rod'         Critina, 

II.  An  unpaired  median  series  of  apertures ;  lateral  series  simple  Tervia, 
III.  A  multiple  median  series  of  apertures  ;  lateral  series  multiple  Pei'gemella^ 

(Only  species — 

Idmonea  genieulatn^  von  Ilagenow,  1851 :  Bry.  Maastr. 

Kr.,  pi.  iii,  fig.  5. 
Retepora  clathrata^  parsy  Goldfuss,  1827 :  Petrefact. 

Germ.,  vol.  i,  pi.  ix,  figs.  12<?-/. 
Fergenaella  genxenlata,  Gregory,  1899  :  Brit.  Mus.  Cat. 

Cret.  Polyzoa,  p.  210,  figs.  19-20.) 

Until  the  forms  consisting  of  solid  branches  are  reached,  thd- 
development  of  the  family  appears  fairly  simple.  The  genus  Semi- 
elausa,  consisting  of  hollow  tubes,  probably  arose,  like  the  hollow 
Diastoporas  (such  as  D,  ramosiHsima,  d'Orbigny),  by  the  folding  of  aa 
erect  unilamilar  zoarium.  Such  a  form  has  not  yet  been  found  ;  but 
it  only  needs  the  erection  of  the  distal  end  of  an  Idmonea  to  produce 
it.  Until  the  proximal  ends  of  d'Orbigny 's  two  species  of  Setniclausa 
are  found  nothing  definite  can  be  known  of  their  origin.  For  it  is 
conceivable  that  they  may  be  encrusting  forms  which  have  grown  on 
some  perishable  cylindrical  base,  such  as  a  stem  of  seaweed,  the 
decomposition  of  which  has  left  the  encrusting  Polyzoan  in  the  form 
of  a  hollow  tube. 

Gregory  has  produced  evidence  of  the  origin  of  Crmna  in  the  shape 
of  a  discoid  base  of  this  genus  resembling  Fhalangella}  This  is 
exactly  comparable  with  the  specimen  he  figures  of  an  Entalophora 
arising  directly  from  a  Berenic^a-like  base.^ 

The  origin  of  ReptofMcigera   from   Idmonea   is   clearly   shown   i» 

>  J.  W.  Gregory:  Brit.  Mus.  Cat.  Cret.  Bryozoa,  vol.  i  (1899),  p.  169,  fig.  IK 
*  J.  W.  Gregory:  loc.  cit.,  p.  217,  fig.  26. 
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•d'Orbigny's  fig^are  of  the  only  species  of  that  genus.  At  the  extreme 
proximal  end  of  the  soariom  the  apertures  are  in  single  lateral  series, 
i.e*.  proximally  the  form  is  an  Idmoma. 

Without  the  knowledge  of  the  proximal  end  of  Bituhigera  it  is 
unceitain  whether  this  form  arose  directly  from  CrUina,  a&  Repto- 
foBcigera  from  .  Idmonea,  by  doubling  the  single  lateral  series  of 
.apertures,  or  through  intermediate  unknown  forms  from  Reptofa»cigera, 

The  following  diagram  summarizes  these  suggestions  as  to  the 
origin  of  the  simpler  genera : — 

CriHna    — 


Setnielauaa, 
By  the  erection  of 
the  zoarium  and  its 
folding  to  form 
a  hollow  tube.  ^ 


^        Bj  doubling  the  single  lateral 
By  throwing  up  solid  branches.         "©ries  of  apertures. 

Bitubigera, 
[By  throwing  uu  erect  solid 
Dranches,  pomioly  through 
PhaUingella.  intermediate  unknown  forms.] 


t 


By  shortening  the  central  axis  so 
tkat  the  apertures  are  arranged 
radially  rather  than  pinnately, 

and  the  loarium  is  discoid  rather 
than  strap-shaped. 


t 

BtptofHUigera. 

By  doubling  the  single 
lateral  series  of  apertures. 


Idmonea, 


The  forms  distributed  among  the  remaining  genera  are  not  easy  to 
group.  Tervia,  Retierisina^  and  Crisina  (restricted)  are  considered  by 
Gregory  as  subgenera  of  Crisina ;  and  there  is  no  doubt  of  their  close 
relationship.  But  the  species  of  Crisina  and  of  Retecava  are  very 
hard  to  separate,  and  the  latter  genus  resembles  Sulcoeava  and 
Bicrisina.  Pergensella  is  very  isolated,  and  there  is  no  evidence  of  its 
origin. 

The  following  scheme  suggests  the  main  lines  of  development,  but 
it  does  not  represent  all  the  facts,  for  species  of  intermediate  nature 
occur  between  various  genera,  showing  that  probably  the  genera  are 
artificial.  Hence  the  clumsy  definitions  in  the  table  of  genera  given 
above. 

Reticritina^  pars, 
Br  compression  of  the  zoarium  in  a 
plane  perpendicular  to  that  of  the 
obverse  and  reverse  faces. 


Suieoeara. 

By  the  reduction  of 

the  reverse  face. 


t 


\ 


Jtetier'iiina^  pars. 
By  reduction  of  the  reverse  face. 


By  the  appearance 
of  depressions  be- 
tween the  apertures. 


t 


Crisina 


1/ 


By  the  compression  of  the  By  the  swelling  of  the  reverse 
zoarium  perpendicularly     lace  to  form  an  *  axial  rod.* 

to  the  pluuc  of  the  Jietecava. 

obTer:^  aud  reverjje  faces. 

JJierisina, 


^  liv  irregularity  of  the  lateral  series 
wlirn  tiiev  meet  in  the  middle  line 
of  the  oSverse  face,  resulting  in 
a  single  median  series. 

Terpia, 
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II.    Thb  Subdivisions  of  the  Gucesa. 

In  the  following  tables  for  the  subdivision  of  the  genera  references 
are  given  only  ito  those  forms  which  are  fig^ured ;  for  it  is  often  almost 
impossible  to  be  sure  of  the  species  intended  by  descriptions  unaccom- 
panied by  figures,  in  the  case  of  these  obscure  forms.  But  as  these 
tables  are  not  intended  to  show  natural  relationships,  but  only  as  keys- 
to  help  the  collector  to  determine  the  forms  described  in  the  British 
Museum  Catalogue,  the  synonymy  of  the  species  is  assumed  to  be  that 
given  in  the  Catalogue.  The  remarks  prefacing  the  table  of  the  genus 
Enta>U>phara  in  the  former  paper  are  applicable  here.  The  genera 
Crismm  and  ReUeava  are  taken  together,  owing  to  the  difficulty  of 
separating  them  in  practice.  Theoretically  a  solid  rod-like  thickening 
occupies  the  reverse  side  of  the  zoarium  in  Reteeava ;  while  that  of 
Criitna  is  not  wider  than  the  obverse  side.  But  forms  of  ReUcava 
occnr,  such  as  R,  eyprii  (d'Orbigny)  and  R.  grandiM  (d'Orbigny),  in 
which  the  ^  axial  rod '  is  reduced  or  hardly  distinguishable  ;  while  ii» 
Crisina  ligeriensis^  d'Qrbigny,  the  reverse  side  is  decidedly  rod-like. 
The  morphological  significance  of  the  '  axial  rod '  stands  or  falls  with 
that  of  the  '  canaux  de  renforcement '  of  Pergens,^  structures  which 
can  only  be  identified  in  longitudinal  sections. 

lOKONEA. 

I.  Zoariom  of  one  or  two  ^connected  only  at  their  proximal  ends)  8trap-shap«d 

zooEKjium -bearing:  rioges,  each  of  which  may  have  its  own  *  selvage.' 

A.  Zoarium  long  and  narrow  (about  six  times  as  long  as  broad),  with  or  without 

a  *  Hclvage.' 
0.  Zooccia  emergent. 

Keptotuhigera  erittatn^  Meunier  &  Pergens,  1885,   Nout.  Bry. 

Cret.  Sup. :  Mem.  Soc.  R<yy.  Malac.  Beige,  pi.  ii,  fig.  7. 
Idmofua  eriutata,  Gregory,   1899:    Brit.  Mus.  Cat.  Cret.  Br}'., 
vol.  i,  pi.  viii,  ligd.  \a,  \b. 
b.  Zooccia  immerned. 

Idmonea  aUpei^  Gregory,  1899  :  Brit.  Mus.  Cat.  Cret.  Br)\,  vol.  i, 
pi.  viii,  figs.  2.  3. 

B.  Zoarium  short  (alK)ut  three  times  as  long  as  broad),  rapidly  becoming  broader 

digitally,  ^-ithout  a  *  8<;lvage.' 

JdHtonea  virgula,  d'Orbigny,  1851 :  Br)'.  Cr6t.,  pi.  631,  figs.  15-17. 
Jirpfotubigna  simplex j   de  Loriol,    1853 :    Invert.   Mt.    Salcve, 
pi.  xvi,  tig.  3. 

II.  Zoarium  of  many  zoa'iium-bt^ring  ridges,  rising  from  a  common  '  ttclvago.* 

A.  Ridges  ^hort  (neldom  more  thun  three  times,  generally  about  twice  as  long  as 
broad)  and  straight. 

a.  Two  to  three  zoopcia  in  a  lateral  series. 

JUptociaitsa  neocomiensiit,  de  Loriol,  1863  :   Invert.  Mt.  Sal^ve, 
pi.  xvii,  fijf.  7. 

b.  Three  or  four  zooccia  in  a  lut(>ml  series. 

Reptoeiausa  obliqua^   d'Orbigny,    1853  :     Bry.   Cret.,   pi.    765, 

figs.  3,  4. 
e.  Five  or  six  zooccia  in  a  lateral  series. 

Reptoelausa  neoeomienaiSf  d'Orbigny,  1853 :   Bry.  Cret.,  pi.  765j 

tigs.  1,  2. 

1  Befgens,  1800,  "Bevision  des  Bryozoaires  du  Cr6tac^,*'  p.  311;   and  J.  W. 
Gregory,  1899,  Brit  Mus.  Cat.  Cret.  liry.,  vol.  i,  p.  149. 
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B.  Bidges  lonj^  (six  or  more  times  m  long  m  bitMd)  and  often  wivy. 
<i.  Four  to  six  zooeda  in  the  breadth  of  a  ridge. 

Lopkohptt  Hagen't%ic\t  Sbarpe,  1854 :  Qnart.  JounL  Geol.  Soc., 

pi.  V,  fig.  7. 
ldmon«a  Hagenowi^  Gregory,  1899 :   Brit.  Mus.  Cat.  Gret.  Bry., 
pi.  viii,  figs.  ]«,  b. 
b.  Fire  to  seven  looecia  in  the  breadth  of  a  ridge. 

£*jrtoel*tH$a  ut^Mdrina,  de  Loriol,  1868,  Yal.  An. :   Pal.  Suisse, 
ser.  zv,  pt.  2,  pi.  ri,  fig.  1. 

Semiclauba. 

A.  Zoarium  a  flattened  tube ;  zooecium-bearing  ndges  arranged  pinnatoly. 

SemichuMn  aUemata,  d'Orbigny,    1853:    Bnr.   Cr6t.,   pi.   764, 
figs.  6-10. 

B,  Zoarium  a  tube,  triangular  in  cross-section  ;  socecium-bearing  ridges  arranged  in 

longitudinal  rows. 

Semieloiua   anguloM,    d'Orbigny,  1853 :    Bry.   Cr^.,   pL   764, 
figs.  11-13. 

BiCRISIVA. 

A.  Depressions  between  the  apertures  circular ;   apertures  about  twelve  to  fifteen  in 
a  series ;  reverse  face  occupies  about  half  the  zoarium. 

Miet-inua  Oaudryi^  Pergens,  1890  :  Revision,  pi.  xiii,  fig.  2. 
J).  Depressions  between  the  apertures  tear-shaped ;  apertures  about  eight  in  a  series ; 
reverse  face  not  so  extensive  as  in  B,  Gtudryi, 

Reticnlipora  cultrata,  d*Orbigny,:    1851,   Bry.   Cr^t.,   pi.   611, 
figs.  6-10;  1853.  Bry.  Cr6t.,  pi.  768.  figs.  11-15. 

SULCOOAYA. 

A.  Apertures  circular. 

I.  Zoarium  strongly  fluted. 

a.  Distance  between  apertures  of  the  same  series  about  one  diameter  of  an 

aperture.    Reveree  face  almost  obliterated. 

Sulcocava  su/eata,  d'Orbipy,  1853  :  Bry.  Cr^t. ,  pi.  789,  figs.  1-3. 

b.  Distance  between  apertures  of  the  same  series  less  than  one  diameter  of 

an  aperture.     Reveree  face  fairly  developed. 

Sulcocara    costutata,   Marssou,    1887,   Bry.   Riig. :    Pal.    Abh., 
vol.  iv,  pt.  1,  pi.  ii,  fie.  1. 
II.  Zoarium  with  slot-Ahap^  depreiutiuns  between  the  apertures. 

Sulcocava  nHntfita,  Gregory,  1899:  B.M.  Cat.  Cret.  Bry.,  vol.  i. 

p.  212,  fig.  21. 
Sulcocava  gracilis,  Gregory,  1899:  B.M.  Cat.  Cret.  Bry..  vol.  i, 
p.  214,  fig.  23. 
III.  Zoarium  with  faint  longitudinal  depressions  between  the  apertures. 

Zateroeava  giacdin^    drOrbignv,    1853 :     Bry.   Cr6t.,   pi.    789, 
figs.  17-20. 

B.  Apertures  tear-shaped. 

I.  Apertures  about  eight  in  a  series. 

Sulcocava  crUtata,  d'Orbignv.  1853 :  Bry.  Cret.,  pi.  789,  figs.  4-8. 
Sulcocava  laciyma,  d'Orbignv,  1853:  Bry.  Cr6t.,  pi.  789,  figs.  9-12. 
II.  Apertures  about  twelve  iu  a  series. 

Latcrocava    rustica,    d'Orbigny,    1853 :    Brv.    Cret.,    pi.    789, 
figs.  13-16. 

Reticrisina. 

A.  Branches  of  zoarium  form  a  regular,  dense  network,  the  meshes  of  which  are 
hexagons  or  squares. 

Rtticulipora  ligcriens%9,  d'Orbigny,  1851 :    Bry.  Cret.,  pi.  609, 

fijrs.  1-6. 
RrticHlipora  girondina,  d*Orbigny,  1851 :    Br}'.  Cr6t.,  pi.  609, 
figsj.  7-1*2. 
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B.  Branches  of  xoarium,  if  anastomosing,  form  onlj  a  loose  network,  the  meshes  of 
which  are  flame-shaped. 

I.  Zoaiimn  rery  compressed  in  a  plane  at  right  angles  to  that  of  the  ohverse  and 
reverse  faces,  being  about  tive  or  six  times  as  high  as  wide. 

a.  Apertures  about  eeren  in  a  series. 

JUtintltpora  pnpyraeea,  d'Orbignr:  18«51,  Bry.  Cr6t.,  pi.  611, 
figs.  1-^;  1853,  Bry.  Cr^,  pi.  768,  figs.  3-10. 

Jtetieulipora  eomplauata^  Marsson,  1887,  Bry.  Riig. :  Pal.  Abh., 
Tol.  ir,  pi.  iii,  fig.  10. 

Ret%ci-i$i¥M  papyraeea^  ^F^fS^Ui  1899:  B.M.  Cat.  Cret.  Bry., 
Tol.  i,  pi.  ix,  figs.  1-3. 

b.  Apertures  twelre  to  twenty  in  a  series. 

ReticHlipora  obliqua,  d'Orbigny:  1851,  Bry.  Cr6t.,  pi.  610, 
figs.  1-5 ;  1853,  Bry.  Cret.,  pi.  768,  figs.  1,  2. 

Bttierttina  ohUqua^  Gregorr,  1899 :  B.M.  Cat.  Cret.  Bry.,  vol.  i, 
p.  177,  fig.  13 ;  pi.  viii,  figs.  8,  9. 

II.  Zoarium  compressed  in  a  plane  at  right  angles  to  that  of  the  obverse  and 
reverse  faces,  but  only  three  or  lour  times  as  high  as  wide.  Apertures 
about  nine  in  a  series. 

Crieopora  gradatM^  Leymerie,  1851,  Type.  Pyren.  par.  h,  Craie : 
M^m.  Soc.  geol.  France,  ser.  ii,  vol.  iv,  pi.  ix,  fig.  7. 

III.  Zoarium  only  slightly,  if  at  all,  compressed  in  a  plane  at  right  angles  to  that 
of  the  obverse  and  reverse  faces. 

Retepora  dittteha,  pars,  Gk)ldfuss,  1827:   Petref.  (rerm.,  vol.  i, 

pi.  ix,  figs.  15c,  d, 
Idmonea  distichaf  von  Hagenow,  1851 :  Bry.  Maastr.  kr.,  pi.  ii, 

fig.  8. 
Idmonea  maeulata,  P^tfs,  von  Hagenow,  1851 :  Bry.  Maastr.  kr., 

pi.  ii,  figs.  3e~ff, 
Tubigera  duftiqiia,  d'Orbigny,  1853  :  Bry.  Cr6t.,  pi.  746,  figs.  2-6. 
Ctriopora  subeompteana,  von  Hagenow,  1845 :  in  Geinitz,  Grundr. 

Verst.,  pi.  xxiiid,  fig.  15. 
Idmonea  aubeompreamy  Marsson,   1887,  Br}'.  Bug. :   Pal.  Abh., 

vol.  iv,  pi.  ii,  fijf.  7. 
Stiehopora    regulaus,   d'Orbigny,    1851 :    Bry.   Cret.,    pi.   613, 

figs.  11-15. 
Tubigera  antiqm,  d'Orbigny,  1853  :  Bry.  Cret.,  pi.  740.  fig.  1. 
Tubigera  di»tan»,  d'Orbigny,  1853 :  Br)'.  Cret.,  pi.  746,  figs.  7-11. 
Jietierifina  disiicha,    Gregor}',    1899 :    B.M.   Cat.   Cret.   Bry., 

vol.  i,  p.  184,  tig.  14. 

Tervia. 

A.  Zooecia  one  or  two  in  a  lateral  series. 

1.  Distance  between  the  series  of  apertures  two  to  three  times  tlie  dinroetiT 

of  an  aperture ;  zoarium  cvlindrical ;  zocBcia  immersed  ;  distiince 
between  apertures  of  the  same  series  one  diameter  of  an  aperture. 

Crikina  »uhgraeili»y  d'Orbignv,  1851  :  Br}'.  Crtft.,  pi.  614, "^ 
figs.  6-10. 

Idmonea  eubgraeility  Pergens,  1890:  Revision,  pi.  xii,  fig.  2. 

2.  Distance  between  the  series  of  apertures  four  times  the  diameter  uf  nn 

aperture ;  zoarium  fiattened  in  the  plane  of  the  obverse  and  reverse 
faces  ;  zooecia  immersed ;  distance  between  apertures  of  the  name 
series  one  diameter  of  an  aperture. 

FUieparta pulchellay  Marsson,  1887,  Bry.  Riig. :  Pal.  Abh.,, 
vol.  iv,  pi.  iii,  fig.  7. 

3.  Distance  between  the  series  of  apertures  four  to  seven  times  the  diameter 

of  an  aperture. 
m.  Apertures  one  only  in  a  series ;  zoarium  flattened  in  the  plane  of  the 
obrene  and  reverse  faces ;  zooecia  immersed  or  boundaries  slightly 
shown. 
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FUUpanm  nmplex,  Ton  Beam,   1874,  Bry.  ob.  PUbi. :' 
Palfeontogr.,  vol.  xx,  pt.  2,  pi.  xxt,  fig.  1. 
b.  Apertures  one  to  two  in  a  series  ;  loarium  oylindn(»l ;  soasp*  im- 
mersed, or  boundaries  shown,  or  slightly  emergent ;  apertures  of 
the  same  series  distant  half  a  diameter  of  an  aperture. 

Jdtnonea  MuelUfi,  Beissel,  1866,  Bry.  Aach.  kr. :    Nat. 
Verb.  Holl.  Maat.  Wet.,  ser.  if,  toI.  xxii,  p.  77, 
pi.  ix,  figs.  10d>106. 
FilitparBa    Miul/eri,    Beissel,    1865 :    op.    cit.,    pi.  x, 
figs.  129-131.    ^ 

B.  ZoiBcia  alternately  two  and  three  in  a  lateral  series ;   zoarium  flat  on  the' 

reverse  side,  triangular  in  section ;  xooscia  inunersed,  with  boundaries      ^ 
shown;  zooecia  of  same  series  distant  two  to  three  diameters  of  an 
aperture,  those  of  different  series  four  to  five  diameters  of  an  aperture. 
Jdmonea  deenrretts^  Focta,   1892,   Mech.  koryc.   Hory. : 
Ceska.  Ak.  Fr.  Jos.  Praze,  sect.  2,  pi.  ii,  figs.  3-6. 

C.  Zocecia  three  to  four  in  a  lateral  series. 

1 .  Zoarium  clavate ;  zooK^a  immersed ;  zocecia  of  same  series  distant  one' 

to  two  diameters,  and  those  of  different  series  four  to  five  diameters 
of  aperture. 

Clavitubigera    d^'etta,   d*Orbigny,   1853 :     Bry.   Cr6t., 
pi.  747,  fip.  1-5. 

2.  Zoarium  compressed  in  a  plane  at  right  angles  to  that  of  the  obverse' 

and  reverse  faces ;  zooecia  immersed,  but  their  boundaries  are  well 
marked ;  zoa;cia  of  the  same  series  distant  one  to  one  and  a  half 
times,  those  of  different  series  three  to  four  times,  the  diameter  of  an 
aperture. 

Teiria  Oamhlex,  Gregory,  1899:    B.M.  Cat.  Cret.  Bry., 
vol.  i,  pi.  ix,  fig  9. 

3.  Zoarium  cylindrical  or  flattened  in  a  plane  parallel  to  that  of  the  obverse 

and  revep»e  faces. 

a.  Zoarium  with  *  dorsal  processes  *  without  apertures  projecting  from 

the  reverse  face  ;  zoarium  cylindrical,  but  reverse  face  is  flat ; 
zocecia  immersed,  with  boundaries  very  slightly  shown  ;  zocecia  of 
the  same  series  distant  one -half,  those  of  different  series  three  to 
four  times,  the  diameter  of  an  aperture. 

Tervia  gihbeia^  Gregory,  1899  :    B.M.  Cat.  Cret.  Bry., 
vol.  i,  p.  174,  tig.  12. 

b,  Zoarium  without  '  dorsal  pnK-esses.* 
a.  Distance  between  the  uiffereut  series  of  apertures  one  and  a  half 

to  two  and  a  hulf  times  the  diameter  of  an  aperture ;   zoarium 
flntteuod  in  a  plane  parallel  to  obversie  and  reverse  faces  ;  reverse 
face  flat  or  slightly  concave ;  zooK'ia  immersed,  but  boundaries^ 
may  be  j)roniincnt.   Ap<'rtures  of  siiine  series  distant  one-quarter 
to  one  diameter  of  an  aperture. 

Idmonea  dorsata^  von  Hagenow,  1851 :    Bry.  Maaatr.  kr., 

pi.  ii,  fig.  10. 
Idmonea  dorsata,  d'Orbigny,  1853  :   Bry.  Cr6t.,  pi.  748, 

figs.  16-19. 
Idmonea  d'-rmta^^  Pergens,  1890  :  Revision,  pi.  xii,  fig.  5. 
/B.  DistADce  between  the  difi:erent  series  of  apertures  tbiree  diameters 
of  an  ajierture. 

1 .  Distance  between  apertures  of  the  same  series  one  and  a  half  to 

two  diameters  of  an  aperture  ;  zoarium  flattened  in  a  plane 
parallel  to  that  of  the  obverse  and  reverse  faces;  zooBcm 
miniersed,  boundaries  not  shown  or  hardly  shown. 

Idmonea  dorsata,  var.  Faxeensis^  Pergens  &  Meunier,  1887, 

Brv.  gar.   Faxe  :    Ann.   Soc.  Koy.  Malac.  Belge^ 

vof.  xxi,  pi.  xi,  flg.  1. 

2.  Distance  between  apertures  of  the  same  series  one -half  the 

diameter  of  an  aperture ;  zoarium  cylindrical,  zooecia  immersed. 
Hetepora  disticha,  part^  Goldfuss,  1827:   Petraf.  Germ., 
vol.  i,  pi.  ix,  figs.  I6ff,  A. 

'  Most  of  the  characters  of  /.  dorsata  are  not  shown  on  Peigens*  figure.  Then  nt 
remains  of  what  udghi  have  been  '  dorsal  ptoceeaes.' 
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C&ISHrA-RBTECAYA. 

A.  Zoarium  cylindrical  or  fubtriangular  or  Bubquadrangular  in  croM-section,  or 
flattened  in  a  plane  at  right  angles  to  the  obverse  and  reverse  faces. 
I.  Lateral  series  ^uite  irregular. 

«.  Zoarium  with  a  strong,  blunt  median  keel  1 

&.  Zoarium  with  a  strong,  thin  median  keel  ...  2 

II.  A  few  scattered  apertures  between  th&  somewhat  wavy  lateral  series         ...     3 
III.  Lateral  series  resular. 

a.  Apertures  fJongate  in  a  proximal-distal  direction. 

1.  Apertures  about  four  in  a  series  4 

2.  Apertures  ten  or  more  in  a  series  5 

b.  Apertures  circular  or  nearly  so. 
1.  fiererse  face  convex. 

a.  Apertures  one  or  occasionally  two  in  a  series  6 

0,  Apertures  2-6  in  a  series. 

a.  No  decided  keel  on  the  obverse  face,  nor  much  compressed. 

1.  Apertures  decreasing  in  size  from  the  middle  of  the  obverse 

face  outwards  ...        ...  ...        ...        ...        ...     7 

2.  Apertures  all  of  one  size. 

a.  Zocecia  immersed  and  boundaries  to  looeda  not  strongly 
marked. 

a.  Series  of  apertures  do  not  reach  the  middle  line   of 

obverse  face. 

1.  Branches    connected   by  cross-bars   which   bear   no 

apertures  ...        ...        ...        ...  ...     o 

2.  Branches  with  no  cross-bars. 

a.  Distance  between  series  of  apertures  5-8  or  more 
times  the  diameter  of  aperture. 

a.  Apertures  two  in  a  senes,  branches  take  a  zigzag 

vvUI  otJ  •••  •••  •••  •••  •••  •••         w 

b.  Apertures  3-4  in  a  series ;   those  of  same  series 

distant  about  half  diameter  of  aperture            ...  10 
e.  Apertures  4-5  in  a  series;    those  of  same  series 
distant  three-quarters  diameter  of  aperture      ...  11 
fi.  Distance  between  series  of  apertures  2-3  diameters 
of  apertures 12 

b.  Series  of  apertures  meet  the  middle  line. 

1 .  Apertures  of  same  series  distant  less  than  one  diameter 

of  aperture, 
a.  Apertures  of  different  series  distant  1-3  diameters  of 

aperture        ...         ...         ...        ...         ...        ...lo 

fi.  Apertures  of  different  series   distant  about  three 

diameters  of  aperture  14 

y.  Apertures  of  different  series  distant  4-8  diameters  of 

aperture        .-.         ...         ...         ...         ...         ...id 

2.  Apertures  of  same  series  distant  one  diameter  of  aperture  16 
j9.  Zooecia  immersed,  but  boundaries  of  zooDcia  are  strongly 

marked. 

1.  Zooecia  two  only  in  a  series  17 

2.  Zocecia  three  (occasionally  two)  in  a  series  18 

3.  Zocecia  four  in  a  series       19 

4.  Zocccia  six  in  a  series  (series  of  apertures  do  not  reach  the 

middle  line)  20 

y,  Zocecia  emergent        ...        ...        ...        ...        ...        ...  21 

b,  A  decided  keel  on  obverse  face  or  decidedly  compressed. 

1.  Apertures  of  same  series  distant  one  or  more  than  one  diameter 

of  aperture. 

a.  Reverse  face  marked  with  linear  depressions  22 

0,  Reverse  lace  marked  with  reticular  depressions       23 

2.  Apertures  of  same  series  distant  less  than  one  diameter  of 

aperture. 

DBOADB  T.^TOL.  IT.^MO.  JJl.  9 
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a.  Apertaresof  different  series  distant  3-6  diameters  of  aperture  24 
0.  Apertures  of  different  series  distant  1^3  diameters  of  aperture  25 
y.  Apertures  6-16  in  a  series. 

a.  Series  of  apertures  distant  3-4  diameters  of  aperture     26 

b.  Series  of  apertures  distant  2-3  diameters  of  aperture. 

1.  Apertures  of  the  same  series  (tistant  ^2  diameters  of  aperture  27 

2.  Apertures  of  the  same  series  distant  I-l  diameter  of  aperture    28 
2.  Reverse  face  flat  or  concare,  apertures  3-8  m  a  series  29 

B.  Zoarium  flattened  in  a  plane  parallel  to  the  obverse  and  reverse  faces. 

I.  Bevcise  face  flat  or  convex,  series  of  apertures  close  together,  apertures 

5-tt  in  a  series         ...        ...         ...         ...         ...  30 

II.  Reverse  face  concave,  series  of  apertures  hi  apart,  apertures  3-6  in  a  series  31 

C.  Zoarium  clavate. 

I.  Reverse  face  convex,  apertures  3-7  in  a  series       32 

II.  Reverse  face  concave,  apertures  6  in  a  serie^i         33 

1.  EetiettUpora  ramotay  d'Orbignj,  1851 :  Bry.  Cr6t.,  pi.  610, 

flfi^>  7—11...         ...        ...         ...         ...         ...         ...     JR,  cittthi'ata, 

2.  Reticulipora  »agena^  Gabb  &  Horn,  1860,  New  Amer.  Foes. : 

Joum.  Acad.  Nat.  Sci.  Phil.,  ser.  zi,  vol.  iv,  pi.  Ixix, 

fig^.  30—32  ...         ...  ...  ...     jR,  §aff6Hti» 

Idmonea  diehotomay  Gabb  &  Horn,  1862,  Mon.  Foss. 
Folj.  N.  Amer. :  Joum.  Acad.  Nat.  Sd.  Phil.,  ser.  u, 
vol.  V,  pi.  xxi,  fiff.  64 ...         ...     M,  dichotoma, 

3.  Reteeava  areolata,  Marsson,  1887»  Brj.  Rug. :  Pal.  Abh., 

vol.  iv,  pi.  iii,  flg.  9       R,  areolata. 

4.  Idmonea  litteata,  von  Hagenow,  1851 :  Bry.  Maastr.  kr., 

pi.  ii,  flg.  13        ...         R,  pseudodittieha, 

5.  Idmonea  gibboaa,  von  Hagenow,  1851 :   loc.  cit.,  pi.  ii, 

fig.  14      ...  ...         ...         ...         ...         ...     R,  gibhota. 

6.  Crisina  unipora,  d'Orbigny,    1851 :    loc.   cit.,  pi.    613, 

figs.  1-5 C,  unipora, 

CHsina  elegant^  d*Orbig^y,    1851 :    loc.    cit.,    pi.    613, 

UlCo*  0"*Av««a  •••  •••  •••  •••  •••  ••■ 

/<fman«a/ra»cortim,  Pergens,  1890:  Revision,  pi.  xiii  fig.  1. 
Retepora   graciHty    von    Hagenow,    1846 :     in    Geinitz, 

Grundr.  Verst.,  pi.  xxiii6,  fig.  4 
Cruina  unipora,  Gregory,  1899 :    Brit.  Mus.  Cat.  Cret. 

Bry.,  vol.  i,  pi.  viii,  figs.  5  and  6        

Idmonea  unipotaj  Beissel,    1865,   Bry.  Aach.  kr. :   Nat. 

Verb.  Holl.  Maatsch.  Wet.,  ser.'ii,  vol.  xxii,  pi.  viii, 

figs.  97-99  R,  eretaeea, 

7.  Bieritiua  Abbotti,  Gabb  &  Horn,  1862,  Foss.  Poly.  N. 

Amer. :  Joum.  Acad.  Nat.  Sci.  Phil.,  ser.  u,  vol.  v, 

pi.  xxi,  fig.  65 ...     R,  Abbotti, 

Idmonea  pseudodistichay  Marsson,  1887 :   loc.  cit.,  pi.  ii, 

^   **P%*  ^^     •••       •••       •••       •••       •••       •••       •••  • 

8.  Retepora  eancellatay  Goldfufw,  1829:  Petref.  Germ.,  vol.  i, 

pi.  xxxvi,  fig.  17  R,  eaneellata, 

Retepora  eaneellatay  von   Hagenow,    1846  :    in    Geinitz, 

Grundr.  Verst.,  pi.  xxiiiA,  fig.  2  

Idmonea  eaucellataj  von  Hagenow,   1851  :    Bry.  Maastr. 

Idmonea  eaneellata,  d'Orbigny,  1853  :   loc.  cit.,  pi.  748, 

USTn*  ^w^mO       •••      •••       •••       ■••      •••      ••• 

9.  Retepora graeiiit,  von  Hagenow,  1846:  in  Geinitz,  Grandr. 

Verst.,  pi.  xxiiiA,  fig.  4 C.  unipora, 

10.     Crisina  nul^radata^  d'Orbigny,  1851  :  loc.  cit.,  pi.  612, 

figs.  6-10 R»  eubgradata, 

Idmonea  pieudodisUehay  Marsson,  1887 :   loc.  cit.,  pi.  ii, 

Idmonea  latieosta^  Marsson,  1887 :  loc.  cit.,  pi.  ii,  flg.  11      R,p$ettdoditticha, 
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11.  Idmomm  eommuiatay  MaraMm,  1887 :  loo.  cH.,  pi.  ii,  flg.  10    £.  pttudodittieha, 

12.  Jiimmum  trtiaeea^  Milne   Edwards,   1838,   M6m.   CnB. : 

Amer.  Sci.  Nat.  Zool.,  ser.  u,  toI.  ix,  pi.  zii,  fi^.  6. 
Lonadale,  1850 :   in  Dixon,  Oeol.  Sussex,  pi.  xviiia, 

ffg^.   5,  Odr-h  ...  ...  ...  ...  ...  ...        A.   CTttttMtk, 

RtUeava  eretaua,  QregOTj,  1899 :  loc.  cit.,  pi.  ix,  fig.  8. 
Jdmonea  Dixouimnm^  ManteU,  1844 :  Med.  Great.,  vol.  i, 

p.  284,  figs.  6,  12  •«,         ...         ••• 

Crindmonea  tnaeropora,  Marsson,  1887:   loc.  cit.,  pi.  ii, 

Ulfc  •    xO  •••  •••  •••  •••  •••  «••  ••• 

Rdtpora  /t^AMm^tM,  Goldfuss,  1827  :  loc.  cit.,  pi.  ix,  fig.  13    R,  liefienoidet, 
Idmofua  lieh$H9iie$^  too  Hagenow,  1851 :  Bry.  Maastr. 

Cmlophyma  ffranulatumt  Ton  Hagenow,  1851 :  Brj.  Maastr. 

Idmonea  carantwa,  d*Orbignj,  1853 :  loc.  cit.,  pi.  748, 

figs.  1-5  ...         ...         ...         ...  ...         ...     M,  CMrtMtina, 

13.  Idmtmea  di$tiehm,  Miehelia,  1845 :  loon.  Zooph.,  pi.  lii, 

fig.  18      ...         ...         ...  ..         ...         ...         ...     C*  cMomuHd* 

Critina  eenomm^,  d'Orbigny,  1851 :   loc.   dt.,   pi.   614, 

MMMTwrn     A     '  w      •••  •••  •••  •••  •••  •••  •••  ya 

Jdmonea  eenomana^  Persenf ,  1890 :  loc.  cit.,  pL  xii,  fig.  3.  ,, 

JUteporm    dUticha,    Gcudfuss,    1827 :    loc.    cit.,    pi.   ix, 

figs.  15^,/  R,  pMsudodiitieha, 

Idmonea  maculata.  Ton  Hagenow,  1851 :  Brj.  Maastr.  kr., 

pi.  li,  figs.  oO'-d ...         ...         ...         ...         ...         ...  ,, 

Meteroeruina  Ahhotti,  Gabb  &  Horn,  1860 :  Jonm.  Acad. 

Nat.  Sci.  Phil.,  ser.  ii,  vol.  iv,  pi.  Ixix,  fie^s.  45-47 ...     R-  Ahbotti. 

14.  Jdmonsm  ttriatola^  Marsson,  1887 :  loc.  cit.,  pi.  ii,  fig.  9  ..     R»  earinata. 

15.  Idmonea  dittieka^  Miebelin,  1845  :  loc.  cit.,  pl.  lii,  fig.  18     C,  eenomana, 
Idmonea  ineiffnie,  Marsson,  1887  :  loc.  cit.,  pl.  ii.  fi^.  12...     R.  ineiffnie, 

16.  Idmonea  eypritf  d'Orbignj,   1853 :    loc.    dt.,    pl.    749, 

figs.  7—10  ...  ...  ...  ...  ...  ...  Rt  eypris, 

17.  Idmonea  franeorum^  Pergens,  1890:  loc.  dt.,pl.  xiii,  fig.  1  C.  unipora, 

18.  Idmonea  eretaeea^  M.  Edwardis,  1838  :  loc.  cit.,  pl.  xii,  fig.  5  R.  eretaeea. 
Jdmonea  eommunie^  d'Orbigny,  1853:   loc.  cit.,  pl.  750, 

UkO«  """Xw  •••        •••        •••        •••        •••        •••  yy 

Idmonea  pi-ima,  Pocta,  1892,  Mech.  Eoryc.  Hory. :  Cesk. 

Akad.  Cis.  Fr.  Jos.,  sect.  2,  pl.  ii,  figs.  7-11 0.  eenomana, 

19.  Crisina  normanianaf  d'Orbigny,  1851  :  loc.  cit.,  pl.  612, 

figs.  1—5  ...         ...         ...         ...         ...         ...         ...     C,  eenomana* 

20.  Idmonea  grandie^  d'Orbigny,    1853 :    loc.   dt.,   pl.    749, 

figs.  16-19  R,  grandii, 

21.  Idmonea  psetidodistieha^  von  Hagenow,  1851 :  Bry.  Maastr. 

kr.,  pl.  ii,  fig.  9.     D'Orbigny,  1853  :  loc.  cit.,  pl.  749, 

figs.  1-6 R,  pteiidoduiicha. 

Idmonea  irregularis,   Beisael,    1865 :    loc.   dt.,   pl.   viii, 

Ugo.    10«— Xv4  •«.  ...  ...  ...  ...  ...  ,, 

Idtnonea    unipora,    Bdssel,    1865  :    loc.    cit.,    pl.    viii, 

figs.  98,  100        R.  eretaeea. 

Critina  eenomana.  Tar.  triongnhtriB,  d'Orbigny :  Gregor}*,  (  C.  cfnotnana,  var. 
1899,  loc.  cit.,  pl.  viii,  fig.  7 ]      trianguiarie, 

22.  Idmonea  liehenoidee,  von  Hagenow,  1851 :  Bry.  Maastr. 

kr.,  pl.  ii,  fig.  6  ... R.  lichenoides. 

23.  Idmonea  geometriea,  Ton  Hagenow,  1851 :   Bry.  Maastr. 

kr.,  pl.  ii,  fig.  11  R.  geometriea. 

S4.     Criaina  triangmtarit,  d'Orbigny,  1851  :   loc.  dt.,  pl.  612, 

figs.  11-15  C.  eenoinana. 

Criaina  ligerienm,  d'Orbigny,  1851:     loc.  cit.,  pl.  614, 

UJCO*     XX^Xv  •••  •••  •••  •••  •••  •••  19 

16.     RHecmwm  earinata,  Grwory,  1899 :  loc.  dt.,  p.  198,  fig.  17     R.  earinata. 
MHM  auleata.  Ton  Hagenow,  1851 :  Bry.  Maastr.  kr., 
pi.  u,  ng.  Lm        ...         ...         ...         ...         ...         ...  It 
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Idtiumea  eytherea,  d'Orbigny,  1853:   loo.  dt.,  pi.   760, 

figs.  11-15  B.  earimata, 

26.  Crisina  ramotUf    d'Orbig;ny,    1851 :     loc.   cit.,   pi.   611, 

UgS.    11  —  15  ...  ...  ...  ...  ...  Mm    f^MOtCm 

Idmonea  maeiUnta,  von  Hagenow,  1851:    Bry.  Maastr. 

Idmonea  divaricata,  Ubaghs,  1865,  Bry.  Schicht.  Maaatr. : 
Verh.  naturh.  Yer.  Preuss.  RheinL,  toI.  xxii,  pi.  iii, 

UlL  sO  •••  •«•  •••  •••  •••  •••  •••  •• 

27.  Betepora  elathrata^  Goldfuss,  1827:  loc.  dt.,  pi.  z,  figs. 

12c,  d      ...         R.  elathrata. 

Idmonea  elathrata,  von  Hagenow,  1851 :  Bry.  Maastr.  kr., 

L#X«    *^ t    '  K *  •••  •••  •••  •••  ••«  •• 

Heteeava  elathrata,  d'Orbigny,  1853  :  pi.  790,  figs.  5-9.  „ 

Idmonea  verriculata,  von  Hagenow,  1851 :  Bry.  Maastr. 

MkX  9 1     I^A*  I  D  *     '^***  •••  •••  •«•  ■••  •••  ay 

28.  Idmonea  earinata,  Roemer,  1840 :  loc.  dt.,  pi.  t,  fig.  20.      R,  earinata. 

29.  Idmonea  Jiliformia,  d'Orbigny,  1853:   loc.  dt.,  pi.  750, 

figs.  1-5 R,  pMeudodittieha. 

Idmonea  angulosa,  d'Orbigny,   1853 :   loc.  dt.,  pi.  748, 

figs.  11-15  ...     C.  angulota, 

Idmonea  marginata,  d'Orbigny,  1853 :  loc.  dt.,  pi.  749, 

figs.  20-23  C.  fnarginata. 

Idmonea  lata,  d'Orbigny,  1853  :  loc.  dt.,  pi.  748,  figs.  6-10. 
Idmonea  excavata,  d'Orbigny,  1853 :    loc.  dt.,   pi.   749, 

Idmonea  calypto,  d'Orbigny,    1853:    loc.   dt.,   pi.   747, 

figs.  11—14  ...        ...        ...        ...        ...        ...     U»  etnomana* 

30.  Idmonea  plana,  Pocta,  1892  :  loc.  dt.,  pi.  ii,  fi^.  1,  2   ...     C.  plana. 

31.  Clavitubipera  nart^/am,  Beissel,  1865:  loc.  at.,  pi.  viii, 

figs.  94-96  C,  navieularii. 

32.  Clavituhigei-a  convexa,  d'Orbigny,  1853 :  loc.  dt.,  pi.  746, 

figs.  12—15  ...         ...         ...         ...         ...         ...     (Jt  eonvexa, 

Clavitubigera  anguttata,  d'Orbigny,  1853 :  loc.dt.,pl.  746, 

UlC9*   X  W^w  V  •••  •••  •••  «••  •••  •••  a^ 

33.  Clavitubigera  excavata,  d'Orbigny,  1853 :  loc.  dt.,  pi.  747, 

figs.  6-9  ...         ...         ...         ...         ...         ...         ...     C  I'ueheri. 

Idmonea  Fischeri,  Pergens,  1890  :  loc.  cit.,  pi.  xii,  fig.  4.  „ 


f » 


}i 


VII. — The  Comparative  Fertility  op  the  Soil  abote  cektain 

Geolooical  Formations. 

By  Jambs  Love,  F.G.S.,  F.B.A.S. 

WHILE  travelling  over  the  country  it  may  be  noticed  that  the  land 
is  not  uniformly  fertile.  In  some  places  there  is  greater 
luxuriance  and  greater  variety  of  plant  life  than  in  others.  The 
question  which  such  observations  call  forth  is  what  is  the  cause  of 
these  differences  ?  An  attempt  has  been  made  to  give  some  sort 
of  answer  to  this  question  in  the  following  manner : — A  limited  area 
has  been  selected  which  is  traversed  by  a  number  of  geological 
formations,  and  the  plants  growing  on  that  area  have  been  catalogued. 
The  area  selected  in  the  present  instance  is  the  county  of  Surrey,  that 
being  the  county  which  is  best  known  to  me.  Surrey  is  too  small 
a  county  to  have  any  difference  of  climate.  The  differences  of  altitude 
would  probably  bring  about  some  variety  in  the  flora,  but  the  differ- 
ences of  latitude  could  scarcely  have  any  appreciable  effect.  The 
county  is,  however,  large  enough  to  include  a  dozen  different  rock 


J.  Love — Comparative  Fertility  of  Soils. 


133 


formatioiiB  within  its  boundary,  and  it  Beems  fair  to  presume  that 
these  may  have  a  considerable  iiifluence  in  determining  the  distribution 
and  variation  of  its  flora.  Of  the  1,310  species  of  plants  figured  and 
described  in  Bentham's  British  Flora,  about  1 ,000,  or  approximately 
three-quarters  of  the  whole  fiora,  have  been  found  growing  in  Surrey ; 
these  are  arranged  with  the  rocks  over  which  they  grow  in  the 
following  order  of  diminishing  numbers: — 

Rock  Fobmationb.                                Spscibs  of  Plants. 
Lower  Greensand 711 

vT&YOl  •>•  •••  •••  •>•  •••  ...  000 

UDftUC  •..  •.*  ...  ...  ««.  ...  02o 

Bagshot  Bedfi      513 

London  Clay        496 

Weald  Clay         864 

Gaiilt  and  Upper  Greensand      356 

AlluTium 302 

Hasting  Beds     281 

Woolwich  and  Reading  Beds     214 

Thanet  Beds        204 

Perhaps  it  might  be  supposed  that  these  numbers  of  plants  would 
accord  with  the  extent  of  area  of  the  rocks  over  which  they  are 
growing.  To  determine  this  point  the  areas  of  the  rocks  which  form 
Uie  su^ace  of  the  land  within  the  county  boundary  of  Surrey  have 
been  measured,  and  are  arranged  in  the  following  order  of  diminishing 
areas,  the  figures  giving  the  number  of  square  miles  of  each 
formation : — 


Rock  Formatioks. 

Arbas. 

Weald  CUy 

165*4  sq.  miles 

Lower  Greensand 

149-6      , 

Chalk 

119-32     , 

London  Clay 
Bagshot  Beds 

11327     , 

93-84     , 

Gravel      

63-84     » 

Woolwich  and  Reading 

23-84     , 

Allurium 

•  •  •                 «  •  • 

22-1       , 

Gault  and  Upper  Greensand 

15-7       , 

Hastings  Beds     . . . 

•  •  •                 •  ■  • 

11-4       , 

Thanet  Beds 

•  •  •                 •  •  • 

4-33     , 

Dividing  the  number  of  species  of   plants    growing    over  each 

formation  by  the  number  of  square  miles   of  the   exposed   surface 

of  that  formation  will  give  the  number  of  species  of  plants  per  square 

mile  of  rock  surface.      This  may  bo  called   the  density  of  species. 

They  are  the  following,  again  in  the  order  of  diminishing  numbers  : — 

Spbgiss  pbe 
Rock  Fobmations.  Squarb  Milb. 

Thanet  Beds       47-1 

Hastings  Beds 24-65 

Gaolt  and  Upper  Greensand     22-65 

AllaTinm 13-66 

Grarel     10-26 

Woolwich  and  Reading 9-0 

Bagahot  Beds     5*47 

Lower  Greensand  4-75 

l/naiK      ...        ...        ...        ...        ...        ...  4*39 

London  Clay      4-38 

Weald  Clay        2-21 
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The  result  may  be  summarised  in  the  following  table,  in  which  the 


Number 

Numher  of 

Number  of  spedes 

Bock  Formationb. 

of  ipedie. 

eq.  mika. 

per  sq.  mue. 

Alluvium     

802 

22-1 

13-66 

Gravel         

666 

63-84 

10-26 

Bagshot  Beds 

613 

93*84 

6-47 

London  Clay 

496 

113-27 

4-38 

Woolwich  and  Beading 

214 

23-84 

9-0 

ThanetBeds 

204 

4-83 

47-1 

Chalk          

623 

119-32 

4-39 

Upper  Oraensand  and  Gault 

366 

15-7 

22-65 

Lower  Oreensand    ... 

•  •  • 

711 

149-6 

4-75 

Weald  Clay 

Hastings  tieds 

«  •  • 

364 

1664 

2-21 

•  •  • 

281 

11-4 

24-66 

R  H  "V  I  B3  "^^  S  . 
I.— :ThS  P&OOBBSS  of  PlLJEOKTOLOeT. 

Paljgontooraphical  Societt,  Vol.  LX.  Issued  for  1906  (December, 
1906).  Printed  for  the  Society  (agents,  Messrs.  Dulau  ft  Co.). 
4to.     Containing : — 

1 .  The  Pleistocene  Bears,  Vol.  II,  Part  2 ;  by  Prof.  8.  H.  Beynolds, 

M.A.,  P.G.8.     pp.  1-35,  pis.  i-viii. 

2.  The  Fishes  of  the  Old  Red  Sandstone,  Part  II,  No.  3  :   the 

Asterolepidae ;  by  Dr.  R.  H.  Traquair,  P.R.S.  pp.  119-130, 
pis.  xxvii-xxxi. 

3.  The  Cretaceous  LamellibraDchia  of  England,  Vol.  II,  Part  3; 

by  Henry  "Woods,  M.A.     pp.  97-132,  pis.  xii-xix. 

4.  The  Lower  Palaeozoic  Trilobites  of  the  Girvan  District,  Ayrshire, 

Part  III;  by  F.  R.  Cowper  Reed.  M.A.,  F.G.S.  pp.  97-186, 
with  title-page,  index,  and  pis.  xiv-xx. 

5.  British  Cambrian  Trilobites,   Part  I;    by  Philip  Lake,  M.A., 

F.G.S.     pp.  1-28,  pis.  i-ii. 

6.  British  Graptolites,  Part  Y ;  by  Gertrude  L.  EUes,  Sc.D.,  and 

£.  M.  R.  Wood  (Mrs.  Shakcspear),  D.Sc.  Edited  by  Charles 
Lapworth,  LL.D.,  F.R.S.,  etc.  pp.  Ixziii-zcri,  181-216, 
pis.  xxvi-xxvii. 

rpHIS  Society  has  just  issued  its  sixtieth  annual  volume  for  December, 
\_  1906,  which  still  maintains  its  high  reputation  for  the  excellence 
of  its  monographs  and  the  accuracy  and  beauty  of  its  illustrations. 

The  fifty- ninth  volume  appeared  in  November,  1905,  and  contained 
the  f oRsil  Cretaceous  Echinodermata,  by  W.  K.  Spencer ;  the  Cretaceous 
Lamellibranchia,  by  H.  Woods ;  the  Carboniferous  Lamellibranchia,  by 
Dr.  W.  Hind ;  the  Inferior  Oolite  Ammonites,  by  S.  S.  Buckman ; 
and  the  Combrash  Fauna,  Part  I,  by  the  Rev.  J.  F.  Blake.  With 
regard  to  this  last  work,  it  is  with  deep  regret  we  refer  to  the  sad  loss 
the  Society  has  sustained  by  the  death  of  the  Rev.  J.  F.  Blake,  whose 
monograph  on  the  Fauna  of  the  Combrash  had  only  been  commenced 
in  1905  (see  obituary,  Geol.  Mao.,  September,  1906,  pp.  426-431). 
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1.  Professor  S.  H.  Bejnolds'  monograph  on  the  Pleistocene  Bears 
is  a  welcome  contribution  to  our  knowledge  of  the  fossil  remains  of 
a  group  of  animals  widely  distributed  over  the  temperate  and  colder 
regions  of  the  Northern  Hemisphere,  and  very  well  represented  in  the 
Pleistocene  deposits  and  cave  fauna  of  this  country  and  Ireland. 

The  author  records  33  localities  in  peut,  brickearth,  and  river  deposits 
which  have  yielded  Bear-remains.  Of  these  only  one  spot,  the  brick- 
earth  of  Barrington,  near  Cambridge,  has  furnished  undoubted  remains 
of  Ur9UM  spelaus.  Four  other  doubtful  localities  are  recorded  ;  one  of 
these,  Ilford,  may  possibly  prove,  like  Barrington,  to  yield  remains  of 
this  more  ancient  type  of  Cave-bear. 

Eleven  localities  are  cited  in  which  the  *  Brown-bear '  (  Utmus  arctot) 
hus  been  met  with,  and  two  others  are  doubtfully  referred  to  this 
species. 

The  'great  Grizzly  Bear'  (27r«iM  horrihilis)  is  recorded  from  14 
localities  aud  from  7  others  doubtfully. 

Our  Limestone  cuves  and  fissures  in  23  localities  have  yielded 
genuine  remains  of  Ur%u8  spelaus  and  3  others  doubtfully  ;  whilst 
15  caves  have  yielded  Ursus  arctos,  14  Ursus  horribilUj  and  in  5  other 
localities  the  species  of  bear  appeafb  to  be  doubtful 

The  author  discusses  veiy  fully  the  difficulties  which  the  comparative 
anatomist  encounters  in  his  endeavours  to  separate  specifically  the 
various  bears  of  the  areton  type,  and  cites  the  opinion  of  A .  E.  Brown 
(Proc.  Acad.  Nat.  Sci.  Philad.,  1804,  p.  119)  that  **a  critical  survey 
of  the  cranial  and  dental  charactei's  sliows  little  that  is  constant, 
except  variation,  and  absolutely  forces  the  conclusion  that  there  is  not 
one  character  sufficiently  stable  and  uniform  to  be  of  specific  value. 
The  European  bear  and  the  grizzly  run  into  one  another  so  regularly 
that,  except  in  extreme  cases,  there  is  no  possibility  of  distinction 
apart  from  geograpliical  considerations." 

"  The  differences,"  writes  Professor  Reynolds.  **  separating  the  cave 
bear  (  Ursus  spelaus)  from  the  others  are  certainly  greater  than  those 
between  the  different  bears  of  tlie  ardos  type,  but,  unless  perhaps  in 

the  case  of  pm.  4,  it  is  doubtful  whether  they  are  sufficiently  marked 
and  constant  to  affonl  specitic  distinctions.  Certainly  nil  the  species 
of  Pleistocene  bears  are  closely  allied  and  tend  to  run  into  one  another, 
and  it  is  perhaps  not  a  matter  of  much  practical  importance  whether 
they  are  grouped  as  one,  two,  or  three  species.  On  the  whole  it  has 
seemed  most  satisfatrtory  to  recognise  the  specific  distinction  of 
V,  tpehtus,  while  grouping  all  the  other  Pleistocene  bears  as 
H.  arciM.''     (p.  32.) 

2.  Dr.  R.  H.  Traquair  continues  his  monograph  on  the  Fishes  of 
the  Chi  Red  Sandstone  of  Britain,  and  deals  with  the  curious  genus 
JhihriolepiSy  a  restored  outline  by  the  author  of  the  dorsal  surface  of 
B,  hjfdrophila  being  given  on  p.  125,  and  five  plates,  which  furnish  the 
details  of  a  number  of  historical  specimens,  including  those  fix)m  the 
famous  Hugh  Miller  Collection. 

3.  Mr.  Henry  Woods  continues  his  most  desirable  work  on  the 
Cretaceous  Lamellibranchia  of  England,  dealing  in  the  present  part 
with  the  Pinnidse,  Astartidte,  Carditidie,  Cra.ssatellitid8e,  and 
Cyprinidse.     The  8  plates,  by  Mr.  T.  A.  Brock,   illustrating   these 
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families  of  Cretaceous  bivalves,  are  most  excellent,  and  their  processing 
and  printing  by  the  London  Stereoscopic  Co.  most  praiseworthy. 

4.  Mr.  F.  R.  Cowper  Reed  contributes  a  third  part  of  his  monograph 
upon  Girvan  Trilobites  (Lower  Palaeozoic)  from  Mrs.  Gray's  collection. 
This  collection  of  fossils,  from  the  Ordovician  and  Silurian  rocks  of 
Girvan,  Ayrshire,  has  already  engaged  the  attention  of  the  late 
Dr.  Thomas  Davidson  (who  studied  the  Brachiopoda),  of  Professor 
Lap  worth,  Professor  H.  A.  Nicholson,  Mr.  Ether  idge,  and  several 
other  well-known  palaeontologists,  and  is  now  occupying  Mr.  Reed's 
attention  in  describing  the  Trilobites.  It  will  be  remembered  that  on 
February  20th,  1903,  the  Council  of  the  Geological  Society  awarded 
the  balance  of  the  Murchison  Fund  to  Mrs.  Gray  in  recognition  of  her 
labours  during  very  many  years  in  carefully  collecting  the  fossil 
remains  of  this  district,  thus  giving  to  her  collection  the  mark  of  the 
Society's  approval  and  commendation.  The  careful  gathering  together 
of  the  fossils  from  a  given  horizon  and  locality  cannot  fail  to  be  of 
the  very  greatest  value  to  palaeontological  science.  Seven  plates, 
comprising  figures  of  the  genera  Liehas^  Acidaspis^  Encrinurut^ 
Cyhele,  Dindymeney  Calymene,  Cheirurus,  Phacops,  Asaphus^  Cyelopyge^ 
Ampyxy  and  JllantM^  well  ezecuUd  by  Miss  G.  M.  Woodward, 
illustrate  the  subject  of  the  present  memoir. 

5.  Mr.  Philip  Lake  commences  a  monograph  of  the  British  Cambrian 
Trilobites  in  this  volume,  which  will  carry  on  the  work  so  long  left 
unfinished  by  the  late  J.  W.  Salter.  This  wiU  be  of  great  importance 
to  collectors  and  geologists,  as  the  Trilobites  occupy  so  large  a  place  in 
the  fauna  of  the  Palaeozoic  rocks,  and  are  also  extremely  valuable  in 
marking  off  the  horizons  of  the  older  rocks.  Two  plates  only  of  the 
genus  Aynostua  accompany  the  present  part,  but  they  are  extremely 
good  illustrations  of  process-reproduction. 

6.  The  sixth  and  final  memoir  is  by  Miss  Gertrude  L.  Elles,  Sc.D., 
and  Miss  Ethel  M.  R.  Wood,  D.Sc.  (now  Mrs.  Shakespear).  These 
ladies,  with  the  assistance  of  Professor  Lapworth,  have  reached  the 
fifth  part  of  their  monograph,  and  now  deal  with  the  species  of  the 
genus  Climacograptun^  illustrated  by  two  plates  and  numerous  text- 
figures.  All  workers  at  this  difficult  group,  the  specimens  of  which 
are  often  very  obscurely  to  be  seen  upon  the  surfaces  of  black  shale, 
will  be  most  thankful  to  the  authors  for  the  great  pains  they  have 
bestowed  upon  tlie  delineation  and  description  of  these  organisms, 
which,  when  accurately  determined,  prove  of  such  value  to  the 
strati  graphical  geologist  in  fixing  the  various  horizons  of  the  very 
complex  series  of  older  formations  of  which  they  are  the  unening 
landmarks  and  guides. 

We  commend  the  work  carried  on  by  the  Palaeontographical  Society 
to  tlie  attention  of  all  students  of  g(>ology,  feeling  sure  that  its 
monographs  need  only  to  be  known  in  order  to  secure  new  annual 
subscribers,  the  better  to  carry  on  successfully  the  important  and  most 
valujible  work  of  illustrating  and  describing  every  British  fossil,  and 
thus  to  aid  in  the  progress  of  Palaeontology.  We  may  add  that 
Dr.  Arthur  Smith  Woodward,  F.R.S.,  the  Secretary,  will  be  happy 
to  receive  the  name  of  new  subscribers  at  any  time.  His  address  is 
Natural  History  Museum,  Cromwell  Road,  London,  S.W. 
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II. — The  Glacial  Histout  of  Nantucket  and  Cape  Cod:   with  an 

ARGUMENT  FOR  A   FOURTH   CENTRE   OF    GlACIAL   DiSPERSION   IN  NoRTH 

America.  By  J.  Howard  Wilson,  A.M.,  Ph.D.  x  +  90  pp., 
with  38  plates  (29  photographic  views  and  9  maps)  and  13  text- 
figures.  (New  York,  The  Columbia  University  Press ;  London, 
Macmillan  &  Co. :   1906.     Price  not  stated.) 

rpHIS  book,  Issued  as  No.  1  of  the  Columbia  University  Geological 
1  Series,  is  essentially  a  geological  'paper'  of  the  usual  type, 
published  in  a  form  unusual  in  this  country.  It  is  well  printed  on 
thick  unglazed  paper,  profusely  illustrated,  and  neatly  bound ;  but  the 
subject-matter,  though  scientifically  valuable,  is  of  comparatively 
restricted  interest,  and  except  in  the  United  States  would  not  have 
been  deemed  sufficient  either  in  quantity  or  substance  to  reach  the 
dignity  of  separate  publication  in  this  form. 

The  paper  deals  exhaustively  with  the  glacial  deposits — the  only 
visible  formation  —  of  the  small  island  of  Nantucket  and  of  tlie 
adjacent  peninsula  of  Cape  Cod,  with  notes  on  other  islands  in  the 
neighbouring  part  of  the  Massachusetts  coast.  This  area  had  been 
previously  investigated  by  Shalor,  Woodworth,  and  others,  but  the 
author  believed  that  the  field  was  rich  enough  to  yield  a  second  crop. 
The  principal  outcome  of  his  work  is  the  theoretical  conclusion — of 
bterest  mainly  to  the  American  glacialist — that  the  latest  glaciation 
of  the  region  was  effected  by  an  ice-sheet  radiating  from  a  hitherto 
unrecognized  centre,  lying  to  the  east  of  the  Labrador  sheet  and 
moving  south-westward  to  the  Massachusetts  coast  from  Newfoundland. 

The  shelly  drift  of  Sankaty  Head,  Nantucket,  receives  particular 
notice,  the  author  having  obtained  by  excavation  a  large  series  of 
shells  and  a  fully  detailed  section  of  this  stratified  deposit  of  sand  and 
gravel.  He  has  previously  published  an  account  of  this  work  in  the 
Journal  of  Geology  (Nov.-Dec,  1905),  his  conclusion  being  that  the 
beds  are  of  normal  maiine  accumulation,  and  that  although  the  shelly 
deposit  is  only  8  feet  in  thickness  it  embraces  indications  of  changing 
condition  ;  the  lower  layers  containing  shells  of  a  shallow- water  type 
and  distinctly  southern  range,  while  the  upper  layers  denote  con- 
siderably deeper  water  and  hold  a  decidedly  northern  fauna.  The 
shell-beds  are  supposed  to  indicate  an  Interglacial  episodo,  but  the 
evidence  on  this  point  is  admittedly  weak,  as  the  underlying  clay  is 
no  longer  visible ;  and  though  considered  by  the  author  to  bo  probably 
of  glacial  origin,  this  clay  has  been  assigned  by  some  of  the  previous 
workers  to  the  Cretaceous  system. 

In  view  of  the  much-discussed  problem  as  to  the  level  of  the  land 
during  the  Glacial  period,  it  is  interesting  to  note  that  "  from  evidence 
gathered  all  over  Ihe  island  we  know  that  the  land  stood  not  far 
from  its  present  level  when  the  ice-front  occupied  the  Nantucket 
position  "  (p.  30). 

In  his  general  discussion  of  the  drift,  the  author  recognizes  as  the 
principal  features  in  Nantucket  geology — (1)  a  chain  of  **Karae 
Hills,"  evidently  an  old  line  of  moraine,  which  does  not,  however, 
mark  the  extreme  limit  reached  by  the  ice-sheet;  (2)  "  tho  fosse,** 
a  low  area  in  front  of  the  Kam(^  Hills,  supposed  to  have  resulted  from 
the  presence  of  the  marginal  ice;  (3)  **the  ice-contact  slope,"  rising 
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above  the  fosse  at  the  side  opposite  to  the  Kame  Hills :  "  here  the  ice- 
f  I  ont  rested  as  the  apron -plain  developed  in  front  from  the  overwash, 
and  this  slope  thus  marks  the  actual  front  of  the  ice  at  any  point" 
(p.  «'U);  and  (4)  *Hhe  apron-plain/'  sloping  f!;ently  away  from  the 
top  of  (3)  and  built  up  of  sandy  and  gravelly  material  by  streams 
issuing  from  the  front  of  the  glacier.  These  features  are  traced  across 
^^antucket,  though  not  uninterruptedly;  and  their  general  aspect  is 
well  shown  in  numerous  photographic  plates.  Of  these  features  the 
first  and  the  last  may  be  recognized  in  the  lowland  drifts  of  many 
parts  of  our  own  Islands;  but  **thc  fosse"  and  **the  ice-conta(^ 
slope"  appear  to  be  unknown,  or  at  any  rate  have  hitherto  escaped 
recognition.  In  the  interpretation  of  drift-features,  however,  so  much 
depeuds  upon  the  foreknowledge  of  the  investigator,  that  if  the 
attention  of  our  glacialists  be  turned  to  the  search  it  is  possible  that 
some  representative  configuration  may  yet  be  found  in  our  drifts, 
though  likely,  in  any  case,  to  be  of  local  and  restricted  occurrence. 

The  presence  of  a  fresh- water  lake  (''Lake  Shaler")  held  in 
between  the  lobes  of  the  retreating  ice-sheets,  is  postulated  to  explain 
the  late-glaciul  phenomena  of  the  Cape  Cod  region;  and  a  foU 
consideration  of  this  matter  occupies  one  of  the  later  chapters  of  the 
book.  Finally,  the  treatise,  thesis,  or  book  contains  a  lengthy 
bibliogi-aphy,  but  no  index. 

G.  W.  L. 

III.  —  On    i.    Section  in  a   Post-Glacial   Lacustrine  Deposit  at 

Hornsea.  By  T.  Sheppard.* 
TOURING  the  past  few  years  the  various  sections  in  post-glacial 
J  '  lake-beds  on  the  Holdemess  coast  have  disappeared,  as  a  result 
of  the  erosion  of  the  cliffs,  and  it  has  been  exceedingly  difficult  to 
obtain  details  of  the  various  beds  in  consequence.  During  the  Spring 
of  tlie  ])a8t  year,  however,  several  on-shore  gales  resulted  in  a 
sea-wall  in  front  of  the  promenade  at  Hornsea  being  demolished, 
behind  which  was  exposed  an  exceptionally  fine  series  of  clays,  marls, 
peat,  and  gravel,  represent! ni:  the  bed  of  an  ancient  mere.  Tliis  was 
evidently  at  one  time  beneath  a  sheet  of  water  similar  to  the  present 
Hornsea  Mere.  Lists  of  remains  of  plants,  fresh-water  shells, 
Colcoptera,  etc.,  are  given,  and  the  fauna  and  flora  of  the  old  and 
modem  meres  compared. 


Geological  Socicty  op  London. 

Januaiy  23rd,  1907.— Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  Sec.R.S., 

President,  in  the  Chair.      * 

The  following  communication  was  read  : — 

*'  On  the  Gcolog5'  of  the  Zambezi  Basin  around  the  Batoka  Gorge 
(Rhodesia).**  By  George  William  Lamplugh,  F.R.S.,  F.G.S.  With 
Petrographical  Notes  by  Herbert  Henry  Thomas,  M.A.,  B.Sc,  P.G.8. 

This  paper  contains  an  account  of  the  physiographical  and  geological 
structure  of  the  hitherto  undescribed  country  bordering  the  Batoka 

'  A  paper  read  in  Section  C  (Geology)  at  British  Association  Meeting,  York,  1906» 
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Gorge,  which  was  investigated  by  the  author  in  1905,  under  the 
auspices  of  the  British  Association. 

The  physical  features  of  the  country  fall  into  two  well-marked 
divisions :— (1)  The  unbroken  plateau,  a  portion  of  the  great  central 
basin-plain  of  South  Africa.  (2)  The  area  of  rejuvenated  drainage^ 
a  wedge-shaped  tract  having  its  apex  at  the  Victoria  Falls,  due  to  the* 
lowering  of  the  trunk -drainage  by  the  erosion  of  the  deeply  cut  gorge.. 

The  following  rock-systems  are  described : — 

5.  Kalahari  Sands,  Chalcedonic  Quartzite,  and  other  surfaoe-depoeito. 

4.  Flagvj  Sandfttone  of  Boomka. 

3.  Batoka  Baaalts. 

2.  Wankie  Sandstones  and  Coal-measorea  (e  Matobola  Bedi  and  PEscarpmeBt 

Grits  of  Molyneuz). 
1.  Fundamental  Complex  of  Metamorphio  and  Igneous  Rocks. 

(1)  The  Fundamental  Complex  was  studied  in  «tM  only  at  one- 
point,  near  the  Wankie  Coal-mine.  The  position  of  its  outcrop  north 
of  the  Zambezi  is  inferred  from  the  character  of  the  river-borne^ 
detritus  in  some  of  the  stream-beds. 

(2)  The  Wankie  Series  consists  of  massive  sandstones  and  pebbly 
grits,  containing  boulders  near  the  buse,  with  intermediate  flaggy 
sandstones  and  shales  with  coal-seams.  This  series  is  abruptly 
truncated  on  the  south-east  side,  along  the  Deka  River,  by  a  great 
fault  which  brings  in  the  Batoka  Basalts ;  but  reasons  are  given  for 
supposing  that  beds  of  similar  character  reappear  at  the  northern 
margin  of  the  Basalts,  north  of  the  Zambezi,  beyond  the  district 
examined. 

The  Deka  Fault  is  described  in  some  detail,  and  its  important 
influence  upon  the  structure  of  the  country  is  discussed.  It  ia 
suggested  that  the  *  Sijarira  Quartzites  *  of  Molyneux,  of  the  couniry 
farther  to  the  north  east,  may  be  only  the  indurated  and  contorted 
sandstones  that  accompany  this  great  fault. 

(8)  The  Batoka  Basalts  were  found  to  extend  unbrokenly  from  the 
Victoria  Falls  eastward  to  the  mouth  of  the  Deka.  and  southward  to 
the  edge  of  the  Kalahari  Desert ;  and  it  is  shown  that  they  also  cover 
a  very  wide  area  to  the  southwai-d  and  westward  of  the  region 
traversed.  They  consist  of  a  succession  of  massive  lava-flows  and 
flow-breccias ;  no  intercalated  sediments  were  found  in  the  districts 
examined,  nor  was  any  eruptive  centre  discovered.  Some  curious 
structures  observed  in  basalts  are  described  ;  and  it  is  remarked  that 
the  zigzagging  character  of  the  stream-gorges  below  the  Victoria  Falls 
is  due  to  the  differential  erosion  along  the  strong  joints  and  fnult- 
planes  in  these  rocks,  under  the  alternating  conditions  of  wet  and  dry 
seasons. 

The  age  of  the  Basalts  is  discussed,  and  it  is  considered  that  they 
are  probably  Mesozoic,  and  may  date  back  to  the  later  stages  of  the 
period  of  volcanic  activity  represented  by  the  Stormberg  Beds  of  the 
more  southerly  part  of  the  continent. 

(4)  Some  limited  patches  of  Flaggy  Sandstone,  etc.,  seen  near  the 
head  of  the  Deka  Basin,  appear  to  represent  sediments  newer  than 
the  Basalts,  and  may  be  equivalent  to  part  of  the  Forest  Sandstone  of 
Mr.  A.  J.  C.  Molyneux  and  Mr.  F.  T.  Mennell. 
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(5)  The  'Kalahari  Sands,'  which  cover  large  areas  of  the  plateau, 
occur  mainly  in  broad  low^  swells  or  'bults*  of  friable  red  sand,  now 
tree-clad.  These  sweep  down  to  the  Zambezi  River  in  the  shallow 
valley  above  the  Victoria  Falls,  and  cannot  have  been  accumulated 
under  existing  conditions.  The  author  endorses  Dr.  S.  Fassarge's 
view  that  they  indicate  a  former  period  of  greater  aridity  than  the 
present  in  the  Central  Basin. 

Some  irregular  patches  of  surface  quartzite  and  limestone,  due  to 
the  percolation  and  evaporation  of  ground-water,  are  described  and 
compared  with  the  *  BotlctleSchichten*  (Passarge)  of  the  Kalahari, 
but  the  author  considers  that  the  antiquity  of  these  beds  is  not  so 
great  as  that  assigned  to  the  *  Botletle-Schichten.* 

The  paper  concludes  with  a  petrographical  appendix  by  Mr.  H.  H. 
Thomas,  giving  the  results  of  his  microscopic  examination  of  a  series 
of  rock -specimens  collected  by  the  author. 


THE  ASHOILLIAN  SERIES. 

SiH,—  In  connection  with  Dr.  Marr's  paper  on  the  Ashgillian  Series 
in  this  month's  Geolooical  Maoazink,  it  may  be  of  interest  to  call 
4ittention  to  some  further  evidence  of  the  tige  of  the  Starfish  Bed  in 
the  Drummuck  Series  of  Girvan  which  he  correlates  with  the  Stauro- 
-cephaltM  Limestone  of  the  north  of  England  and  Wales.  To  the  list  of 
trilobites  from  this  bed  which  I  have  recently  given  in  my  monograph 
on  the  Lower  Palaeozoic  Trilobites  of  the  Girvan  District  (Palaeon to- 
graphical  Society,  1903-1906)  there  may  now  be  added  the  two 
species  Cheirurus  Keisleyemis^  Heed,  and  Ampyx  binodulotus.  Reed, 
desciibed  by  me  in  1896  from  the  Keisley  Limestone.  Mrs.  Gray 
collected  these  specimens  within  the  last  few  months,  and  they  have 
only  lately  come  into  my  hands  for  identification.  The  affinities  of 
the  trilobitic  faunas  of  the  Keisley  Limestone  and  Starfish  Bed  which 
had  been  previously  observed  are  appreciably  strengthened  by  these 
new  discoveries.  F.  R.  G.  Rb£0. 

Sedgwick  Museum,  Cambkidob. 

February  20th,  1907.  


EDWARD    BEST. 

Born  Dec.  20,  1824.  Died  Nov.  8,  1906. 

AVk  regret  lo  record  the  death  on  November'Sth,  1906,  of  Edward 
Best,  wln)  for  more  than  thirty-eight  years  was  Resident  Geologist  to 
the  Geological  Survey  in  Jermyn  Street.  Born  on  the  20th  December, 
1824,  lie  joined  the  service  in  January,  1855,  shortly  before  De  la  Beche 
died,  and  he  retired  on  March  3 1st,  1893.  Although  he  never  took 
a  profound  interest  in  geology,  he  was  ever  ready  to  give  help  to 
those  who  sought  information  at  the  Geological  Survey  Office,  while 
his  ever  cheerful  disposition  and  bonhomie  endeared  him  to  all  who 
eamc  to  know  him. 
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JOHN    WARD,    F.G.S. 

BoRX  AuGUsrr  11,  1837.  Dibd  November  30,  1906. 

The  death  of  Mr.  John  Ward,  of  Longton,  Staffordshire,  removea 
from  the  Midlands  one  of  its  best  known  and  most  active  geologists 
and  palaeontologists.  Mr.  Ward  devoted  the  leisure  of  his  busy  life 
to  a  detailed  study  of  the  North  Staffordshire  Coalfield  and  its  fossils. 
He  was  a  pioneer  in  the  collection  of  fossils  to  illustrate  accurately 
their  zonal  distribution ;  and  he  met  with  great  success  not  only  in 
unravelling  the  stratigraphy  of  the  Coal- measures,  but  also  in  the 
discovery  of  a  large  number  of  well-preserved  fossil  fishes,  which  were- 
new  to  science  and  contributed  to  a  great  advance  in  our  knowledge 
of  Palaeozoic  Ichthyology. 

Mr.  Ward  was  bom  at  Fenton,  North  Staffordshire,  in  1837,  and 
was  educated  at  Ivy  House  School,  Hanley.  Early  in  life  he  entered 
on  a  business  career,  which  occupied  him  until  the  end,  and  only  left 
him  scanty  leisure  for  the  pursuit  of  studies.  When  quite  young,  he 
came  under  the  influence  of  Dr.  Robert  Gamer  (author  of  the  well- 
known  **  Natural  History  of  the  County  of  Stafford,"  1844),  who 
encouraged  him  in  the  geological  researches  which  became  the  main 
recreation  of  his  life.  In  1865  he  attended  the  meeting  in  Stoke 
at  which  the  North  Staffordshire  Field  Club  was  established,  and 
continued  for  forty  years  to  be  one  of  its  most  active  members. 

Mr.  Ward's  geological  researches  had  as  their  chief  aim  the 
identification  and  correlation  of  the  more  important  coal-seams  of 
North  Staffordshire  by  their  fossils ;  and  one  of  his  earliest  discoveries 
was  that  of  marine  bands  intercalated  at  definite  horizons  in  the 
Coal-measure  series.  His  observations  were  first  summarised  in  1890 
in  his  exhaustive  volume  on  **The  Geological  Features  of  the  North 
Staffordshire  Coalfields,"  published  by  the  North  Staffordshire 
Institute  of  Mining  Engineers.  His  final  conclusions  formed  the 
subject  of  some  valuable  chapters  on  the  **  PalsBontology  of  the  Pottery 
Coalfield,"  which  he  contributed  to  the  Geological  Survey  Memoir 
in  1905. 

Mr.  Ward  was  also  an  accomplished  palaeontologist  and  made  many 
important  observations  on  the  fossils  in  his  collection,  but  he  rarely 
attempted  palaeontological  descriptions.  His  fossil  fishes  were  studied 
and  described  by  Egerton,  Huxley,  John  Young,  James  W.  Davis, 
Dr.  Traquair,  and  the  present  writer,  some  of  the  most  impoitant 
researches  of  Dr.  Traquair  having  been  based  almost  entirely  on  the 
specimens  obtained  from  the  Coal-measures  of  Longton  and  Fenton. 
lir.  Ward's  name,  however,  is  permanently  associated  with  his 
discoveries  in  numerous  instances,  such  as  those  of  Acanthodes  TFardt, 
LUtraeanthus  Wardi,  MesoUpu  Wardi^  Rhadinichthys  Wardi,  and 
others.  The  Lower  Carboniferous  Platysomid  genus  irardichthya  is 
also  named  after  him. 

When,  by  the  closing  of  certain  coal-pits,  opportunities  for  collecting 
fossil  fishes  became  fewer,  Mr.  Ward  decided  to  offer  his  collection  to 
the  British  Museum,  and  the  principal  part  of  it  was  purchased  by 
tJie  Trustees  in  1894.  After  that  year  he  devoted  attention  more 
eepecially  to  the  Mollusca  and  Plants,  which  were  described  respectively 
by  Dr.   Wheelton  Hind  and  Mr.  E.  Kidston;   though  he  still  never 
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neglected  any  opportunity  of  obtaining  fish-remainR,  and  among  these 
his  latest  most  important  discovery  was  that  of  a  new  ListraeanthuM 
in  direct  association  with  the  so-called  Petrodui} 

Mr.  Ward  was  elected  a  Fellow  of  the  Geological  Society  in  1874, 
and  received  a  moiety  of  the  Lyell  Fund  from  that  Society  in  1899  in 
recognition  of  the  value  of  his  long-continued  researches.  In  1895 
the  North  Staffordshire  Field  Club  also  honoured  him  by  the  award 
of  the  Gamer  Memorial  Medal.  Only  a  small  proportion  of  Mr.  Ward's 
work,  however,  is  embodied  in  his  published  writings.  He  was  an 
^inassuming  and  unselfish,  enthusiastic  student,  whose  knowledge  was 
at  the  disposal  of  everyone  who  went  to  consult  him.  .The  little 
library  in  the  room  above  his  shop,  and  the  dark  basement  in  which 
lie  kept 'his  collection  for  so  many  years,  were  the  familiar  haunts  of 
all  who  were  interested  in  the  English  Coal-measures.  His  robust 
physique  enabled  him  to  participate  in  active  field-work  almost  until 
the  end  of  his  life,  and  he  was  always  ready  to  accompany  enquirers 
to  any  part  of  the  district  he  knew  so  welL  His  genial  presence 
will  be  missed  by  a  large  circle  of  friends  who  mourn  his  loss. 

A.  8.  W. 
List  of  Papbbs  bt  Johk  Wamd,  F.G.S. 
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Caroline  birley. 

Bo&N  NovKMBBB  16,  1851.  Died  Fbbkuary  15,  1907. 

By  the  death  of  Miss  Caroline  Birley  a  most  ardent  and  enthusiastic 
stadent  has  heen  lost  to  the  science  of  Oeolog}^  one  who  from  her 
childhood  to  the  end  of  her  life  never  wavered  in  devotion  to  this  her 
cherished  pursuit,  nor  thought  any  fatigue  or  personal  sacrifice  too 
great  in  order  to  visit  places  of  geological  interest  and  obtain  specimens 
for  her  beloved  Museum. 

Caroline  Birley  was  the  youngest  daughter  of  Mr.  Thomas  Hornby 
Birley,  who  resided  at  Hart  Hill,  near  Manchester.  When  a  child 
her  holidays  were  constantly  spent  in  the  Isle  of  Man,  where  her 
grandfather,  Lieut.-Col.  Leatham,  resided  after  his  retirement  from 
Uie  Army.  Her  earliest  delight  was  to  select  specimens  of  stones 
showing  any  peculiarity,  and  when  about  9  years  of  ago  she 
commenced  to  form  a  collection,  to  which  she  continued  most 
assiduously  to  add  when  travelling  in  England  or  on  the  Continent. 
When  the  Obological  Maoaziitb  commenced  its  existence  in  1864 
this  young  enthusiast  of  13  years  of  age  became  a  regular  monthly 
Bubecriber,  devoting  her  pocket-money  to  this  periodical !  After 
a  year  of  self-denial  her  grandmother,  discovering  this  nacrifice  to  the 
cause  of  geological  science,  made  her  granddaughter  a  special  allowance 
to  purchase  this  coveted  journal. 

In  the  year  1888  Miss  Caroline  Birley's  collection  had  already 
outgrown  the  space  in  her  house  at  Seedley  Terrace.  Manchester,  and 
she  erected  an  iron  building  in  the  gaixlen  as  a  museum.  In  1888 
Miss  C.  Birley  visited  Faxe,  Denmark,  and  again  in  the  Summer  of 
1891,  when  she  made  a  large  collection  of  Upper  Ci'etaceous  fossils. 
The  Crustacea  thus  obtained  were  described  by  Dr.  H.  Woodward  in 
the  QsoLGoiCAL  Magazine  for  November,  1901  (pp.  486-501,  PI.  XII). 
Two  new  species  of  the  genus  Dromtopsis  {D.  Birley  a  and  D.  Coplanda) 
obtained  in  that  expedition  were  figured  and  described  by  him,  and 
dedicated  to  Miss  C.  Birley  and  her  friend  and  fellow-traveller,  Miss  L. 
Copland. 

In  June,  1889,  Miss  Birley  and  her  friend  Miss  Copland  visited  the 
Fiproes,  bringing  back  from  the  islands  of  Stromoe,  Naalsoe,  and  Osteroe 
six  hundredweights  of  rocks  containing  zeolites.  In  1890  she  paid 
a  second  visit  to  the  Faeroes.  In  that  year  Miss  Birley  became  a 
member  of  the  Geologists'  Association,  to  the  excursions  and  meetings 
of  which  Society  she  was  always  afterwards  a  very  constant  attendant. 
She  also,  later  on,  in  1894,  joined  the  Malacological  Society  of  London, 
and  frequently  attended  its  meetings.  In  November,  1891,  Miss 
Birley  and  Miss  Copland  went  to  Malta  and  did  a  considerable  amount 
of  collecting  from  the  Tertiary  strata  of  that  island.  In  1892  the 
ladies  visited  Algeria,  but  did  not  succeed  in  making  a  very  large 
collection  there. 
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In  1896  Hiss  Birley  settled  in  London,  tuking  up  her  residence  at 
No.  14,  Brunswick  Gardens,  Kensington,  W.,  to  which  house  she  also 
transferred  her  miiseum. 

Having  joined  the  British  Association  at  Manchester  in  1887, 
Miss  Birley  regularly  attended  its  subsequent  meetings  and  always 
attuched  herself  to  the  Geological  Section  and  its  excursions.  In  1897 
she  went  to  Toronto  with  that  body,  and  in  a  trip  to  Colorado  obtained 
some  excellent  minerals.  In  1899  a  visit  was  paid  to  the  Azores  with 
the  intention  of  collecting  from  the  fossiliferous  beds  in  Santa  Maria, 
but  insuperable  obstacles  intervened,  and  they  were  unable  to  reach 
that  island  from  St.  Michaels.  In  1902  a  collection  was  made  from 
the  Eimmeridgian  and  Oxfordian  of  the  neighbourhood  of  Boulogne. 

Miss  Birley 's  last  long  expedition  was  to  attend  the  British 
Association  at  Cape  Town  in  August,  1905,  accompanying  it  in  all 
its  travels  as  far  as  the  Victoria  Falls.  In  that  year  she  placed  in  the 
hands  of  Mr.  R.  Bullen  Newton,  F.G.S.,  for  description,  a  series  of 
fossiliferous  nodules  from  the  beach  off  the  Ormara  Headland,  facing 
the  coast  of  Baluchistan  in  the  Indian  Ocean.  These  nodules,  which 
contained  numerous  Tertiary  moUusca,  were  figured  and  described  in 
detiiil  by  Mr.  Newton  in  the  pages  of  the  Geological  Magazine  for 
July,  1905,  pp.  293-303,  Tls.  XVI  and  XVII,  to  which  Mr.  Burrows 
added  a  notice  of  a  Brj-ozoan  (op.  cit.,  pp.  308-305)  with  a  text- 
figure  ;  and  Dr.  H.  Woodward  described  a  new  Crab  {Nepiunu9 
Arahictis)  and  a  group  of  Balani^  of  which  he  gave  figures  (op.  cit., 
pp.  305-310). 

A  new  genus  and  species  of  Cnistacean,  obtained  by  Miss  Birley 
from  the  Gault  of  Folkestone  in  1900,  was  described  by  Dr.  H. 
AfVoodward  under  the  name  of  MesodromiliUs  Birhym  (see  Gbol.  Mao., 
1900,  pp.  61-64,  with  text-figure). 

Miss  Birley  spent  very  much  of  her  time  in  the  Geological  and 
Mineralogical  Galleries  of  the  British  Museum  naming  her  specimens, 
upon  the  arrangement  of  which  she  spared  no  labour  or  expense. 
Last  year  she  was  far  from  well,  but  her  courage  was  so  indomitable 
that  she  attended  the  meeting  of  the  British  Association  at  York  in 
August  last.  In  the  Autumn  she  had  a  severe  illness,  after  which  slie 
never  regained  her  usual  strength  ;  but  she  continued  to  arrange  and 
label  her  more  recent  acquisitions,  and  retained  her  interest  in  her 
museum  to  the  end.  Her  last  addition  consisted  in  a  large  slab  of 
K<iw  lied  Sandstone  from  the  Stourton  Quarries,  Cheshire,  with 
Labyrinthodont  footprints  upon  its  surface. 

After  a  week's  illness  from  influenza  this  ardent  geologist  succumbed 
to  heart-failure  on  the  loth  February,  1907.  We  believe  she  has 
given  directions  that  the  best  specimens  in  her  collection  are  to  be 
presented  to  the  Trustees  of  the  Biitish  Museum,  for  the  Geological 
and  Mineralogical  Collections  of  the  Natural  History  Branch  in 
Cromwell  lload,  with  remainder  to  the  Manchester  Museum,  in  the 
Owen's  College,  Manchester. 

Miss  CaroHnc  Birley  was  buried  at  Lingfield  Church,  Surrey,  on 
Tuesday,  the  1 9th  February,  near  the  home  of  her  brother,  Mr.  Francis 
Hornby  Birley. 
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I. — A  Case  of  MErrAMOBPHiSM  of  Chalk. 

By  Geo.  C.  Gough,  A.R.C.S.,  B.Sc,  F.G.S., 
Prof^sor  of  Natural  Uistory,  Koyal  Agricultural  College,  Cireuceeter. 

(PLATE  V.) 

CASES  of  metamorphosed  limestones  where  the  calcium  carbonate 
has  been  converted  by  contact  with  some  igneous  magma  into 
a  calc-silicate  rock  are  by  no  means  rare,  one  of  the  best  known  being 
the  conversion  of  the  Coniston  Limestone  of  the  Lake  District  by  the 
Shap  Granite  into  a  rock  with  various  calc-silicate  and  other  minerals 
such  as  WoUastonite,  Omphacite,  etc.,  as  described  by  Messrs.  Harker 
and  Marr.*  But  as  far  as  I  know,  no  case  has  been  recoixled  where 
ordinary  white  chalk  has  been  similarly  changed.  Dr.  Hibsch' 
describes  a  case  of  baculite  marl  containing  Foraminifera  which  has 
been  altered  by  contact  with  dolcrite.  The  Foraminifera  disappear 
and  the  rock  becomes  a  granular  limestone  with  epidote,  forming 
a  calc-silicate  homstone.  This  seems  the  nearest  case  to  the  alteration 
in  CO.  Antrim  I  am  about  to  describe. 

As  most  geologists  know,  the  Irish  Chalk  is  considerably  harder 
than  the  English  variety,  due,  it  is  usually  considered,  to  the  baking 
action  of  the  overlying  basalts,  although  this  idea  is  far  from  being 
generally  accepted.  In  places  it  is  not  uncommon  for  dykes  to  have 
penetrated  the  chalk  and  to  have  altered  it  at  the  point  of  contact  to 
crystalline  limestone.  Nearly  a  century  ago  Berger^  stated  that 
"the  chalk  is  frequently  traversed  by  basaltic  dykes,  and  often 
undergoes  a  remarkable  alteration  at  the  point  of  contact.  The 
change  sometimes  affects  10  to  12  feet  from  wall  of  dyke,  gradually 
decreasing  from  the  dyke.  The  extreme  effect  presents  a  dark-brown 
crystalline  limestone,  the  crystals  running  in  flakes  as  large  as  those 
of  coarse  primitive  limestone,  etc.'*  Other  instances  of  the  dis- 
appearance of  the  organisms  and  the  production  of  crystals  of  calcite 
could  be  quoted. 

In  1904  Miss  M.  K.  Andrews,  of  Belfast,  while  examining  the 

«  Q.J.G.S.,  1891. 

*  Verhandlungen  Geol.  Reichf?anstalt,  1889,  p.  204. 

•  TraoB.  G.  S.,  toI.  iii. 
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altered  chalk  at  Scawt  Hill,  an  old  volcanic  neck,  about  6  miles 
north  of  Lame,  came  upon  a  dyke  traversing  the  'neck'  dolerite  of 
the  hill  and  cutting  across  a  narrow  band  of  chalk.  The  geological 
structure  of  the  district  is  that  common  to  the  basaltic  plateau  of 
Antrim,  and  consists  of  the  basic  lava-flows  covering  the  Chalk  and 
other  Mesozoic  beds,  the  chalk  being  the  usual  hard  vaiiety  of 
Irehind.  Of  this  hill  the  Irish  Survey  Memoir  to  Sheet  20  states 
that  '^  at  Slieve  Scawt  the  Chalk  has  been  carried  up  with  the  basaltic 
mass  forming  the  volcanic  neck.  By  igneous  action  it  has  been 
converted  into  a  highly  crystalline  saccharoidal  marble."  Miss  Andrews 
informs  me  that  '*  the  band  of  chalk  appears  to  project  horizontally 
into  the  '  neck ' ;  and  the  dyke,  which  is  between  3  and  4  feet  wide, 
is  running  vertically  through  the  '  neck '  cutting  across  the  tongue  of 
chalk."  The  chalk  had  weathered  so  much  that  it  was  quite 
unexpectedly  that  she  came  upon  the  dyke.  Miss  Andrews  obtained 
various  samples  from  different  points,  and  after  having  sections  cut 
kindly  handed  them  over  to  me.  The  specimens  include  (i)  the  rock 
forming  the  '  neck '  and  which  she  thinks  has  carried  up  the  chalk ; 
(ii)  the  dyke  which  runs  through  the  neck  ;  and  (iii)  the  chalk  in 
vaiious  stages  of  metamorphism. 

Number  I,  may  be  dismissed  very  briefly,  as  it  is  one  of  the  typical 
igneous  rocks  of  the  district,  namely,  a  fine-grained  ophitic  dolerite. 
It  is  holocrystalline,  the  minerals  being  augite,  felspar,  olivine,  and 
magnetite.  The  augite  is  in  rather  large  pale-brown  non-pleochroic 
crystals,  broken  up  by  longish  lath-shaped  crystals  of  plagioclase 
which  appear  to  be  labradorite.  The  olivine  is  roughly  idiomorphic, 
generally  clear  and  colourless,  but  changed  to  yellow  serpentine  along 
the  cracks. 

Number  II  (PI.  V,  Fig.  1),  the  dyke,  proves  to  be  a  very  interesting 
rock.  It  is  a  gi*anitoid,  holocrystalline,  basic  rock,  and  may  perhaps 
be  best  classed  with  Barker's  **  diabases  without  olivine,"  although  its 
granitoid  structure  would  almost  lead  one  to  call  it  a  gabbro.  Its 
most  striking  feature  is  its  beautifully  pleochroic  augite,  which  is 
found  in  well-marked  eight-sided  crystals.  These  augites  are  apparently 
titaniferous,  with  a  pleochroism  varying  from  a  dark  lilac  to  yellowish 
green  and  frequently  showing  the  hour-glass  structure.  They  are 
well -zoned,  and  in  some  cases  show  undulating  extinction,  but  in  the 
majority  of  crystals,  although  there  is  a  well-mafked  outer  zone 
suggesting  a  different  composition,  it  extinguishes  at  practically  the 
same  angle  as  the  main  mass  of  the  crystal.  The  felspar  has 
decomposed,  and  is  filled  with  feathery  and  radiating  decomposition 
products,  so  that  it  is  not  possible  to  distinguish  the  variety.  No 
olivine  was  detected,  but  a  little  interstitial  quartz  was  found,  while 
apatite  in  small  but  well-marked  prisms  is  fairly  frequent.  Iron-ores 
are  also  plentiful,  the  chief  being  magnetite,  in  places  having  a  kind 
of  reaction  rim  of  actinolite  (?) ;  ilmenite  is  present,  as  is  also  pyrite. 

The  first  notewoithy  change  in  the  chalk  is  seen  in  a  section  from 
20  yards  away  from  dyke.  Here  the  organisms  have  disappeared,  and 
the  chalk  has  become  finely  granular  owing  to  the  development  of  fine 
crystals  or  gi'ains  of  calcite.  About  two  yards  from  dyke  the  chalk 
has  become   a  typical   crystalline   limestone  with  large  crystals   of 
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calcite  showing  well-marked  lamellar  twinning  and  rhombohedral 
cleavage.  One  section  shows  small  flakes  of  mica  which  are  probably 
phlogopite.  i 

Adjoining,  and  also  caught  up  in,  dyke  is  a  rock  which  weathers 
so  dark  that  it  is  difficult  to  tell  it,  except  on  a  freshly  fractured 
surface,  from  the  dyke.  It  is  found  on  microscopic  examination  to  be 
the  chalk  completely  altered  into  what  may  be  termed  a  Calc-Silicate 
Homstone,  and  specimens  from  different  positions,  while  coming 
under  this  name,  show  different  proportions  of  the  minerals  present. 
The  size  of  the  constituent  crystals  also  varies  from  rather  finely 
granular  ones,  mutually  interfering,  to  larger  well-marked  crystals 
which  are  in  places  idiomorphic.  The  minerals  found  in  the  various 
specimens  may  be  enumerated  preparatory  to  a  description  of  the  rock. 
They  are  WoUastonite,  Scapolite,  Zoisite,  Calcite,  Diopside,  Anorthite, 
and  Magnetite.  I  strongly  suspect  Ilmenite  as  being  present,  but 
I  could  not  prove  it  by  chemical  tests,  while  another  mineral  seen  in 
sections  as  tiny,  idiomorphic,  octahedral,  yellowish-brown,  isotropic 
crystals  is  possibly  Perofskite,  but  as  I  did  not  find  it  in  the  crushed 
rock  I  could  not  be  certain  of  its  identification.  Garnets  were 
specially  looked  for,  but  not  detected,  nor  were  any  coloured  minerals 
present  such  as  Idocrase  or  Epidote. 

The  identification  of  the  various  minerals  in  the  sections  is  by  no 
means  easy,  as  with  the  exception  of  the  magnetite  they  are  clear  and 
colourless,  and  only  in  rare  cases  did  they  give  figures  in  convergent 
light  sufficiently  good  to  obtain  the  sign.  It  was,  however,  obtained 
with  most  of  the  minerals,  but  specimens  of  the  rock  were  also 
crushed,  sieved,  and  separated  by  methylene  iodide.  Separation  was 
also  done,  and  the  specific  gravity  of  the  minerals  obtained,  by  means 
of  the  diffusion  column  and  confirmed  by  the  refractive  index,  and  in 
the  case  of  diopside  by  the  micro-chemical  test  for  magnesium. 

The  first  specimen  examined  is  chiefly  composed  of  two  minerals, 
one  of  which  is  of  a  different  refractive  index  from  the  other.  Both 
are  biaxial,  and  were  found  to  be  wollastonite  and  diopside.  Further 
search  revealed  grains  of  a  negative  uniaxial  mineral  which  proved  to 
be  scapolite.  A  little  magnetite  is  scattered  through  the  section, 
while  anorthite  is  also  present  in  small  quantity.  Another  section 
from  near  the  above  shows  ciystals  of  a  larger  size,  and  in  places 
crystals  of  calcite  have  enclosed  idiomorphic  crystals  of  other  minerals 
in  a  poecilitic  fashion  (PL  V,  Fig.  3).  These  latter  include  long  crystals, 
about  three  times  as  long  as  broad,  of  zoisite,  having  a  rough  cross 
parting,  low  polarization  colours,  and  a  high  refractive  index.  They 
frequently  show  twinning  in  plane  polarized  light.  Scapolite  with 
a  negative  uniaxial  figure,  straight  extinction,  and  moderately  bright 
polarization  colours  is  also  to  be  seen  with  good  crystal  outlines,  as  is 
wollastonite  with  still  brighter  colours.  Magnetite  is  scattered  rather 
thickly  throughout  the  section. 

A  third  specimen  is  interesting  as  it  shows  a  section  of  the  rock 
with  the  magnetite  almost  absent  from  one  half  and  thickly  scattered 
over  the  other  half  (PI.  V,  Fig.  2).  All  the  above-mentionod  minerals 
are  present  in  some  part  of  the  section,  but  the  grouping  is  very 
variable. 


148  (?.  J.  Wiliianis — Parys  Moufttaia,  AngltBey. 

With  regard  to  tlie  cause  of  this  particular  alteration  of  the  chalk, 
I  cannot  pay  much  as  I  have  not  an&Ljsed  specimens  of  the  unaltered 
chalk.  According  to  Hume's  analyses/  the  white  limestone  (Upper 
Chalk)  that  he  analysed  did  not  contain  more  than  one  per  cent,  of 
impurity,  and  this  would  not  he  enough  to  supply  the  silica  in  the 
metamorphosed  rock.  That  the  dyke  supplied  the  heat  necessary,  that 
is,  that  the  metamorphism  took  place  subsequently  to  the  formation 
of  the  'neck,'  I  feel  convinced,  as  the  cod  version  of  chalk  into 
crystalline  limestone  is  chiefly  found  in  connection  with  dykes  later 
than  the  chief  outflow  of  lava  over  the  county,  and  I  can  only 
suggest  that  there  has  been  a  mixture  of  the  dyke  with  the  chalk  in 
di^erent  proportions.  Tliis  would  explain  the  varying  mineral 
composition  of  the  different  specimens,  the  iron  of  the  ferro-magnesian 
minerals  being  thrown  out  in  the  form  of  magnetite,  the  magnesium 
going  to  form  the  diopside.  The  parts  where  there  was  an  abundance 
of  magnetite  would  be  those  with  the  largest  amount  of  mixture  with 
the  dyke. 

In  conclusion,  I  should  like  to  thank  Miss  M.  K.  Andrews  for  the 
loan  of  sections  and  specimens,  Drs.  Cullis  and  Flett  for  advice  and 
suggestions,  and  Mr.  Waldron  Griffiths,  of  Cirencester,  for  the  micro- 
photographs  illustrating  this  paper. 

EXPLANATION  OF  PLATE  V. 

Fio.  1. — Diabase :  Scawt  Hill,  co.  Antrim,  x  15.  The  zoning  of  the  angites  is 
well  seen  on  the  right  in  the  two  lone  cryvtals.  The  lighter  part  seen  in  the 
section  is  felspar ;  iron-ores  are  black  and  opaque,  while  apatite  is  seen  in 
six-sided  section. 

Fig.  2. — Calc-silicate  Homstone :  Scawt  Hill,  x  15.  This  shows  the  difference 
due  to  the  varying  amount  of  magnetite  present  and  the  sharp  line  marking  off 
one  part  from  the  other. 

Fig.  3. — Calo-silicate  Homstone :  Scawt  Hill,  x  25.  The  idiomorphio  character 
of  some  of  the  minerals  is  well  seen  near  the  centre  of  the  section,  where 
wollastonite,  zoisite,  and  scapolite  are  enclosed  by  the  clear  calcite. 


II.— Note  ok  the  Geological  Age  of  the  Shales  of  the  Pabys. 

Mountain,   Angleset. 

By  G.  J.  Williams,  M.I.M.E.,  Assoc. Inst  M.M.,  F.G.S. 

rPHE  rocks  of  the  Farys  Mountain,  which  lies  ahout  two  miles  ta 
J.  the  south  of  the  town  of  Amlwch  in  Anglesey,  were  described  in 
1878  by  the  late  Mr.  T.  Fanning  Evans,  H.M.  Inspector  of  Mines, 
who  regarded  the  Farys  Mountain  **  as  an  outlying  piece  of  ground, 
geologically  identical  with  the  region  in  which  the  great  slate-mines 
of  Festiniog  occur,  and  from  which  it  differs  only  in  being  developed 
on  a  much  smaller  scale,  and  in  being  highly  metalliferous.*' ' 

The  Festiniog  slate  beds  are  well  known  to  be  of  Llandeilo  age, 
but  at  the  time  Mr.  Evans  wrote,  thirty  years  ago,  little  was  known 
of  the  black  shales  of  North  Wales  or  their  fossil  contents. 

In  the  second  edition  of  Ramsay's  **  Geology  of  North  Wales," 
p.  248,  reference  is  made  to  a  band  of  very  black  shale  containing 

>  Q.J.G.S.,  Tol.  liii  (1897). 

>  Trans.  Manchester  Geol.  Soc,  vol.  ziv  (1878;,  p.  360. 
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graptoUtes,  existing  between  the  two  principal  hard  bands  of  the 
Parys  Mountain,  but  no  list  of  species  is  given. 

Professor  Mc  Kenny  Hughes,  in  his  second  paper  on  the  Geology  of 
Anglesey,  refers  to  **tho  black  shales  between  the  two  great  felsite 
ribs"  in  the  Mona  Mines  of  the  Parys  Mountain  as  the  highest 
horizon  from  which  he  had  procured  any  fossils.^  The  late 
Mr.  Fanning  Evans,  while  searching  for  fossils  in  Prof.  Hughes' 
company,  "  had  the  good  luck  to  pick  up  a  slab  containing  no  less 
than  eight  species  of  graptolites,"  of  which  a  list  is  given,  but  this 
appears  to  have  been  the  only  fossiliferous  piece  discovered. 

On  several  occasions  during  the  last  dozen  years  I  have  searched 
for  fossils  in  the  shales,  but  succeeded  in  obtaining  none  other  than 
obscure  traces  till  January  of  last  year,  when  I  discovered  a  number  of 
Llandovery  species,  and  I  found  others  during  a  visit  in  the  month  of 
May.  At  this  time  a  tunnel  was  being  driven  south  in  a  part  of  the 
Mona  Mine,  between  the  two  ''  ribs  "  mentioned  above,  and  it  is  from 
this  tunnel  that  the  graptolites  were  obtained.  The  beds  in  the 
tunnel,  which  is  now  aboiA;  sixty  yards  long,  dip  generally  at  an 
angle  of  about  45°  north,  though  there  occur  some  contortions  and 
faults.  The  rocks  consist  of  soft  earthy  shales,  more  sandy  beds,  and 
a  few  lenticular  bands  of  a  fine-grained,  extremely  hard  rock.  In  the 
softer  beds  the  graptolites  are  but  indifferently  preserved,  while  from 
the  more  sandy  ones  many  specimens  were  obtained  beautifully  pre- 
served in  relief.  The  following  is  a  list  of  the  species  which  were 
kindly  named  for  me  by  Miss  Elles,  D.Sc.  : — 

Cfphalograptut  eometa^  Gein.  If.  involututy  Lapw. 
ClitnaeograptuaTomquiati^YAXw ky^OfA.  M.jaculuniy  Lapw. 

Climacograptut  ip.  ?  M.  leptotluea,  Lapw. 

jMplograptu4  tamarisctis,  Nich.  M,  lobi/ertt9,  McCoy. 
I).  ti/tuaiuSf  Nich.  ,,         ,,         M.  aff.  cyphm^  Lapw. 

MonograptuM  Becki^  Lapw.  ,.         ,,         var.  mnbiffuuSf  Tornq. 

M.  Clin^anij  Can*.  Petalograptui  minor,  Elles. 

Jf.  communis^  Lapw.  P.  pahn^u,  var.  latiM,  Barr. 
J/.  ecmolutiUf  Uis. 

Miss  EUeM  determines  the  zone  as  that  of  Ifonoyraptus  convolutui 
(His.),  just  below  the  zone  of  i/.  Sedgwickii  (Portl.). 

Lust  August  my  friend  Mr.  Edward  Greenly,  F.G.S.,  who,  as  is 

well    known,   is   making   an   exhaustive   survey   of    the   geology   of 

Anglesey,  collected  specimens  which  came  from  the  same  tunnel,  but 

farther  south,  and  he  kindly  allows  me  to  publish  a  list  of  the  species 

he  obtained,  and  which,  like  mine,  were  named  by  Miss  Elles.     They 

are  the  following  : — 

CliinacograptM  sealarit.  His.  M.  intermedin,  Lapw. 

Monograptus  di»eretu$,  Nich.  M,  Sedgwickii,  Portl. 

and  one  if  not  two  species  of  Diplograptiu  which  Miss  Elles  regards 
as  new,  and  which  will  be  described  in  the  '*  Monograph  of  British 
Graptolites."  Mr.  Greenly's  j<pecimens  are  from  a  slightly  higher 
horizon  than  mine,  viz.  that  of  M.  Sedgwickii,  so  that  in  the  beds  cut 
through  in  the  tunnel  the  dip  is  inverted  or  there  is  a  downthrow  to 
the  south. 

>  T.  McKenny  Hughea,  "On  the  Geology  of  Anglesey,"   No.  2:    Q.J.G.S.,. 
Tol.  xxiviii  (188*2),  p.  27. 
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Mr.  Greenly  informs  me  that  he  has  lately  obtained  some  grapto- 
lites  of  the  *  tuning-fork '  type  a  mile  or  two  away  on  the  strike  of 
the  Parys  Mountain,  thus  indicating  a  much  lower  horizon  not  far 
distant. 

It  is  interesting  to  note  that  the  copper  ore  of  the  Parys  Mountain, 
like  the  lead  and  zinc  ores  of  Cardiganshire  and  Montgomeryshire, 
occur  in  beds  of  Llandovery  age. 

My  best  thanks  are  due  to  Miss  Elles  for  so  kindly  identifying  the 
graptolites  and  for  her  remarks  concerning  their  zonal  value. 


III. — The  Sblbobnian  of  Stonbbarrow  Cliff,  Chakmouth. 
By  W.  D.  Lang,  M.A.,  F.G.S.,  F.Z.S.,  of  the  firitish  Mu»euiii  (Natural  History). 

I.  Introductory, 

ALTHOUGH  the  succession  of  Cretaceous  beds  on  Black  Yen  is 
well  known  and  much  has  been  written  on  the  yarious  members 
of  the  series,  only  cursory  references  have  been  made  to  those  on 
Stoncbarrow  Cliff  on  the  east  of  Charmouth,  and  the  lower  beds  have 
never  been  recorded  therefrom.  A  full  list  of  the  literature  on  the 
geology  of  this  district,  including  all  that  has  been  written  on  the 
Selbomian,  is  given  in  the  Survey  Memoir^  on  the  "Geology  of 
Sidmouth  and  Lyme  Eegis  *'  and  another  bibliography  in  the  account 
of  the  last  excursion  to  Lyme  by  the  Geologists'  Association.* 

The  only  mention  of  the  lower  beds  of  the  Selbomian  (i.e.  the  zone 
of  Iloplites  tnterruptus)  on  Stonebarrow  among  these  papers  is  that  by 
Jukes-Browne  on  the  Vale  of  Marshwood' :  **  Taking  next  a  traverse 
through  the  southern  outliers  near  the  coast,  we  find  the  Cretaceous 
base-line  in  Black  Ven  Cliff  at  about  320  feet  above  the  sea.  Thence 
it  rises  to  about  350  feet  in  Stone  BaiTow,  and  400  and  more  on  Golden 
Cap  and  Langdon  Hill,  and  finally  to  about  500  feet  on  Eype  Down." 
But  since,  two  years  later,*  Jukes-Browne,  having  dcRcribed  the  Gault 
on  Golden  Cap,  says,  **  the  next  cliff  exposure  is  in  the  face  of  Block 
Ven,*'  it  is  reasonable  to  suppose  that  he  never  found  the  base  of  the 
Cretaceous  on  Stonebarrow,  and  that  his  350  feet  is  only  an  estimate. 
This  point  is  mentioned  because  here,  although  it  is  not  claimed  that 
the  heights  given  are  other  than  approximate,  the  base  of  the 
Cretaceous  is  estimated  only  at  320  feet,  a  very  little  higher  than  the 
height  given  on  Black  Ven.*  The  reason  for  this  low  estimate  will  be 
given  later.  The  exact  height,  however,  is  of  small  importance ; 
moreover,  it  is  possible  that  the  whole  cliff  face  in  the  neighbourhood 
of  the  sections  may  have  undergone  some  slipping  and  so  have  made 
the  Gault  appear  lower  than  it  really  is. 

It  is  not  surprising  if  the  Gault  on  Stonebarrow  has  not  been  sought 
with  enthusiasm  ;  for  the  parts  of  the  cliff  where  it  occurs  have  suffered 

>  IT.  B.  Woodward  :  **  Geology  of  Sidmouth  and  Lyme  Regis,*'  1906,  pp.  86-88. 
2  Proc.  Geol.  Absoc,  vol.  xix  ("1906),  p.  340. 

*  A.  J.  Jukes-Browne  :  Proc.  Dorset  Nat.  Hist.  Club,  vol.  xviii  (1897),  p.  176  ; 
Geol.  Mag.,  1898,  p.  164. 

*  A.  J.  Jukes- Browne,  "  Gault  and  Upper  Greensand  of  England,*'  1900,  p.  185 : 
Hem.  Geol.  Survey. 

*  W.  D.  Lang,  *•  The  Zone  of  Hoplitet  interruptut  at  Black  Ven  " :  Grol.  Mao., 
1904,  p.  125. 
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from  great  slips  and  are  mucli  overgrown,  forming  an  undercliff  of 
great  beauty  but  ofPering  small  hope  of  exposures.  This  underclifE, 
known  as  Fairy  Dell  or  Cain's  Folly,  is  about  200  yards  across  at  its 
widest  part  and  some  half  a  mile  long;  it  rises  about  100-200  feet 
from  its  seaward  to  its  landwaixi  margin.  It  is  composed  (see  Fig.  1 ) 
of  the  upper  part  of  the  eapricornus  and  of  the  lower  part  of  the 
margaritatus  zones  of  the  Lias  and  of  the  lowest  beds  of  the  Gault. 
The  actual  junction  of  the  Gault  with  the  Lias  has  not  yet  been  found 
on  Stonebarrow.  The  seaward  margin  of  the  undercliff  tops  cliffs 
about  200  feet  in  height  of  Lias  clays,  marls,  and  limestones,  from  the 
caprieamus  down  to  the  ohttisus  zone.  Landwards  it  is  backed  by 
Greensand  cliffs  rising  more  than  100  feet  above  the  Dell  at  their 
highest  point. 

If  the  Dell  be  entered  by  the  footpath  leading  to  it  from  Charmouth 
it  will  be  found  that  the  path  makes  a  steep  descent  of  the  landwanl 
Greensand  cliff,  and  has  fallen  away  before  it  reaches  comparatively 
level  ground.  A  few  yards  east  of  this  spot  a  small  bluff  is  reached, 
eastward  of  which  the  cliflE  trends  more  inland.  The  bluff  descends 
into  a  small  swamp,  and  the  footpath  skirts  the  seaward  edge  of  this. 
The  base  of  the  landward  cliff  just  west  of  the  bluff  shows  a  small 
section  in  the  Gault.  On  the  eastern  side  of  the  bluff,  where  the 
landward  cliff  begins  to  trend  away  from  the  sea,  the  Gault  is  again 
exposed,  and  is  seen  to  pass  upwards  into  Foxmould  sand  before  the 
section  is  broken. 

II.    The  Western  Gault  Section. 

The  western  section  is  about  10  feet  in  extent.  It  is  terminate 
above  by  a  capping  of  fallen  Greensand  forming  a  small  grass-covered 
flat  on  the  general  slope  of  the  landward  cliff.  Two  beds  are  to  be 
recognized  (see  Fig.  2) ;  the  upper  7  feet  are  composed  of  bluish-black 
loamy  clay  containing  Gault  fossils  of  the  same  kinds  as  those  found 
in  lied  3  on  lUack  Ven,  more  being  found  at*  the  bottom  than  at  the 
top.  This  gives  way  below  to  a  non-fossiliferous  loamy,  glauconitic 
sand,  which  is  very  soon  hidden  by  talus.  No  alteration  was  observi^l 
on  following  it  down  for  a  foot  or  so  by  digging  through  the  talus. 
The  talus  slope  ends  in  the  swampy  ground  already  mentioned,  which 
is  nearly  level  with  the  footpath.  The  300-feet  contour-line  on  the 
6 -inch  Ordnance  map  comes  very  close  to  the  footpath  ;  and  since  the 
descent  here  is  very  slight,  cannot  be  more  than  15  feet  below  it. 
Allowing  about  20  feet  for  the  talus  slope  and  the  swamp  between 
this  and  the  footpath,  the  base  of  the  section  would  be  at  tlie  height 
of  about  334  feet,  and  the  base  of  Bed  3  with  the  Gault  fossils 
338  feet. 

III.    The  Bluff. between  the  Sections. 

The  little  bluff  between  the  eastern  and  western  sections  is  com- 
posed of  bluish-black  loam  hidden  under  a  wet  matting  of  sandy  soil 
washed  down  from  above  and  bound  by  algtc  and  other  plants  into 
a  tough  felt.  If  this  is  peeled  off  the  loam  can  be  examined  ;  but  the 
examination  proved  unsatisfactory  owing  to  the  dripping  state  of  the 
bluff  and  the  bog  at  the  bottom.  No  fossils  were  found  in  it  and  its 
horizon  was  not  determined. 
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. — Diagram  of  tlie  Zone  ot  Soplitei  inttrruptm  and  the  base  of  the  Zona  o( 
taenbaehia  rotirala  on  Black  Ven  ami  oa  StaiiLbtinuw,  to  show  correlatioo. 


STOXE  BARROW. 


Ijindirard  CIJK 
abi'vr  thispointcoa- 
euUuf  about  lOUtt. 
of  sanil,  appnrentl}- 
vithuut  Cair«ioaa>. 


Ituif  anil  raddinh  rnther 

Ictrnnj-sniirf,  with  very 

liltle  glHUEoaite. 

l2f(«tabu«-iiiD 

EiBtern  iieotiun. 


liluiah  -  blink  loRmy 

cIny.bntimlnKmoroar' 

£^—      . —  .  — jpillacenuslii'ittriiown; 

O  '.G^®^p,ri^dGudtra"C« 
_  B  —  »  ^.;  in  in,<M  part.     7  tt. 


Top  of 


'"r" — pa-sc: — ' — [j^ 


154  W.  D,  Lnng — The  Selbornian  of  CharmoHth, 

IV.    The  Eastern  Oault  Section, 

On  the  eastern  side  of  the  bluff  another  section  is  seen  in  the  Gault, 
which  pusses  up  wai^ds  into  Eoxmould.  At  the  base  occurs  bluish-black 
loam  with  Giiult  fossils,  and  a  little  digging  through  the  talus  below 
exposes  a  junction  with  glauconitic  loamy  sand.  These  are  obviously 
the  two  beds  exposed  in  the  western  section.  The  blue  loam  becomes 
sandier  on  being  traced  upwards,  and  the  fossils  become  scarcer,  except 
that  many  Serpula  concava,  Sowerby,  occur  in  the  higher  part.  About 
7  feet  from  the  bottom  of  the  section  (see  Fig.  2)  an  impersistent  band 
of  hardened  loam  containing  S.  concava,  Sowerby,  is  found ;  above 
which  the  beds  become  quite  sandy,  with  blue  or  grey  argillaceous 
veins,  for  about  4  feet,  and  then  pass  into  typical  Foxmould  sand. 

In  the  light-hand  half  of  Fig.  2  the  two  sections  are  represented 
combined  in  a  diagram.  The  respective  tops  and  bases  of  the  two 
sections  are  marked  on  the  right-hand  margin. 

The  fossils  recognised  Iroin  the  blue  loam  besides  8.  concavay  Sowerby, 
were  Inoceramus  concentricua,  Parkinson,  Lima  gaultina.  Woods,*  Pectin 
{Syncyclonemd)  orhicularin,  Sowerby,  Pinna  Rohinaldinay  d'Orbigny,* 
Grammatoeeras  \_Arca']  earinatus  (Sow.),  Pholadomya  sp.,  and  Corhula sp. 

V.    Comparison  with  the  Corresponding  Beds  on  Black  Fen  and  on 

Golden  Cap.     (Figs.  2  and  3.) 

On  the  left-hand  side  of  Fig.  2  is  a  diagram  of  the  Gault  beds  on 
Black  Ven,  combining  the  two  sections  described  in  the  Gkologicai* 
Magazine  for  1904.^  Beds  2  and  3  of  that  section  exactly  correspond 
with  the  two  lowest  beds  exposed  on  Stonebarrow,  and  since  the  fossil 
contents  at  the  bjise  of  the  higher  beds  are  the  same  in  each  case  it 
follows  that  they  are  on  the  same  stratigraphical  horizon.  Now  on 
Golden  Cap,  which  lies  two  miles  to  the  east  of  Stonebarrow  (Black 
Ven  is  a  mile  and  a  third  to  the  west  of  that  cliff),  the  only  account  of 
the  Gault  is  that  by  Jukes-Browne  in  the  Survey  Memoir.*  In  the 
se(;tion  here  described  the  same  bed  is  distinguishable,  consisting  of 
dark  loam  with  Gault  fossils  at  the  base,  resting  on  a  glauconitic  sand. 
There  is  thus  a  stratigraphical  datum-line  on  all  three  cliffs  from  which 
attempts  at  correlation  of  all  the  beds  can  be  started. 

On  Black  Ven,  at  about  25  feet  above  the  Gault  fossils,  appears  the 
lowest  laver  of  Cowstones.  And  this  has  been  taken  as  the  base  of 
the  zone  of  Schloenhachia  rostrata.  But  on  Stonebarrow  no  Cowstones 
have  been  recorded.  The  landward  cliff  above  the  sections  described 
is  a  steep  slope  of  Foxmould  sands  capped  by  broken  remains  of  the 
Cheit-beds  and  of  higher  Cretaceous  horizons.  Here  and  there  a 
section  is  shown,  but  the  whole  surface  is  much  disturbed  by  fallen 
material  and  innumerable  rabbit- burrows.  Were  Cowstones  present 
they  should  not  be  hard  to  find,  for  owing  to  their  hardness  they  stand 
out  imminent  from  the  section  on  Black  Ven,  and  lie  fallen  in  numbers 
in  the  bogg)'  land  beneath. 

^  Hitherto  recorded  from  the  Gault  of  this  district  as  Lima  parallela.  See  "Woods, 
**  Cretaci'ous  Lamellihranchs,"  vol.  ii  (1904),  pp.  31  and  32 :  Mod.  Pal.  Soc. 

'  Hitherto  recordtxl  from  the  Gault  of  this  district  as  Pinna  tetragona  or  P,  iub" 
tetrafjona.     See  Woods,  loc.  cit.,  1906,  p.  98. 

'^  \y.  D.  Lang,  loc.  cit. :  Geol.  Mao.,  1904,  pp.  125  and  130. 

*  A.  J.  Jukes- Browne,  *•  Gault  and  Upper  Greensand  of  England,**  1900,  pp.  184 
and  185:  Mem.  Geol.  Sur>'. 
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In  the  absence  of  Cowstones  it  is  impossible  to  draw  the  lithological 
'  limit  between  the  zones  of  JIbplites  interrupts  and  of  Schloenbachia 
rostrata  that  is  recognized  on  Black  Ven.  In  the  absence  of  fossils 
the  true  limit  cannot  be  determined.  If  the  point  at  which  typical 
Foxmould  sand  begins  is  taken  as  the  lower  limit  of  the  rostrata  zone, 
it  is  obvious  (see  Fig.  2)  tliat  the  interrupts  zone  is  thinner  on  Stone- 
barrow  than  on  Black  Ven.  Again,  on  Golden  Cap,  Jukes-Browne 
describes  some  100  feet  of  sand  (and  no  Cowstones  are  mentioned) 
resting  directly  on  the  Gault  fossil  bed,  which  is  only  6  feet  thick. 
That  is,  if  lithological  characters  are  taken  into  consideration  in  the 
absence  of  fossil  e%ddence,  the  interruptus  zone  above  Bed  3  has  thinned 
from  25  feet  on  Black  Yen  to  1 1  feet  on  Stonebarrow  and  6  feet  on 
Golden  Cap. 

If  fossils  occurred  it  might  be  found  that  the  zone  had  not  thinned 
from  west  to  east,  but  only  become  more  sandy.  But  the  evidence  of 
the  hard  bands  (Beds  4,  6,  and  8)  on  Black  Yen  is  against  this 
supposition.  For  it  looks  as  ii^  the  4  inches  of  loam,  indurated  in 
places,  containing  Serpula  eoncava,  Sowerby,  on  Stonebarrow,  was  the 
•equivalent  of  these  hard  bands  on  Black  Yen.  In  that  case  Bed  3  on 
StonebaiTow  would  be  7  feet  thick,  against  10  feet  on  Black  Ven; 
thus  showing  a  thinning  of  the  upper  part  of  the  zone  eastwards. 

The  lower  part  of  the  zone  remains  to  be  considered.  On  Black  Yen, 
l>eneath  Bed  3,  there  are  about  14  feet  of  loamy  sand  before  the 
junction  with  the  Lias  is  seen.  On  Stonebarrow  the  junction  has 
not  been  found,  and  only  a  foot  or  two  of  loamy  glauconitic  sand  is 
shown  beneath  Bed  3.  On  Golden  Cap  about  24  feet,  chiefly  of 
sands,  are  exposed  beneath  Bed  3,  according  to  the  interpretation 
here  given  to  Jukes-Browne's  section.  It  is  probable,  then,  that  the 
interruptus  zone  below  Bed  3  thins  from  east  to  west,  in  the  contrary 
direction  to  the  upper  part  of  the  zone.  Assuming  that  this  thinning 
is  rt'gular,  and  taking  two  miles  as  the  distance  between  the  Golden 
Cap  and  Stonebarrow  sections,  and  one  and  a  third  miles  as  that 
between  the  Stonebarrow  and  Black  Ven  sections,  the  thickness  on 
Stonebarrow  below  Bed  3  would  be  18  feet.  This  would  make  the 
base  of  the  Cretaceous  on  Stonebarrow  320  feet  above  sea-level. 

YI.    Summary  and  Conclusions. 

The  chief  results  arrived  at  in  this  paper  may  be  summarized  as 
follows: — 

1 .  The  Hoplites  interruptus  zone  is  exposed  in  two  small  sections  on 
Stonebarrow  cliif,  but  the  junction  with  the  Lias  has  not  been  found. 

2.  A  fossil  bed  containing  the  interruptus  zone  fauna  occurs  here, 
westwards  on  Black  Ven  and  eastwards  on  Golden  Cap,  thus  giving 
a  strati  graphical  datum-line. 

.5.  That  part  of  the  zone  above  this  fossil  bed  either  becomes  more 
sandy  when  traced  from  west  to  east,  or,  more  probably,  begins  to 
thin  out. 

4.  That  part  of  the  zone  below  this  fossil  bed  thickens  from  west 
to  east. 

o.  No  Cowstones  appear  on  Stonebarrow,  nor  have  they  been 
recorded  from  Golden  Cap. 
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IV. — TiTAKIFEROUS  VoLCANIC   K0CK8. 

By  T.  Ckook,  A.R.C.Sc.I.,  F.G.S. 

N  a  paper  read  recently  at  a  meeting  of  the  Geological  Society, 
Dr.  Washington  proposes  to  treat  certain  basalts  of  the  Westerrv 
Mediterranean  basin  as  constituting  **  a  hitherto  unrecognised  petro- 
graphic  province,  or  comagtnatic  region,  one  of  the  most  salient 
characters  of  which  is  the  presence  of  salfemanes  (basalts)  that  contain 
remarkably  high  amounts  of  titanium.''  ^ 

He  records  the  results  of  fourteen  analyses.  Of  the  specimens- 
analysed,  four  are  from  Catalonia  in  Eastern  Spain,  four  from  Sardinia, 
and  six  from  the  two  small  islands  of  Panteiieria  and  Linosa.  The 
results  show  a  silica  percentage  varying  from  44  to  52,  alumina  from 
12  to  16,  magnesia  from  4*4  to  10*8.  The  titanium  dioxide  varies 
from  2*64  to  6*88  per  cent,  in  the  fourteen  analyses  given,  with  an 
average  of  4*3  per  cent.  It  should  be  pointed  out  that  two  of 
Dr.  Washington's  Panteiieria  specimens  were  not  collected  by  himself, 
and  the  specimen  having  the  maximum  content  of  titanium  dioxide 
(6*88  per  cent.)  was  bought  from  a  mineral  dealer.  Phosphoiois 
pentoxide  is  also  abundant,  but  here  again  the  maximum  value 
(2' 14  per  cent.),  which  is  in  the  mineral  dealer's  specimen,  somewhat 
overshadows  the  rest.  With  regaixl  to  the  figures  for  titanium  dioxide, 
the  Catalonia  specimens  show  an  average  percentage  of  4*33,  those  of 
Sardinia  3*26,  Linosa  3*70,  and  Panteiieria  5*73.  These  figures,  as 
far  as  they  go,  indicate  a  somewhat  irregular  distribution  of  titanium, 
with  excessive  segregation  in  Panteiieria. 

The  only  earlier  worker  recognised  by  Dr.  Washington  as  having 
noted  the  highly  titaniferous  character  of  certain  basalts  in  the 
Western  Mediterranean  area  is  Dr.  Forstner,  who,  as  recently  as 
1891,  found  over  6  per  cent,  of  titanium  dioxide  in  a  Panteiieria 
basalt.  He  appears  to  be  unaware  of  the  much  eai*lier  work  done  by 
Cordier,  a  conspicuous  member  of  that  little  band  of  French  workers, 
with  whose  collective  labours  on  the  structure  and  mineral  composition, 
of  volcanic  rocks,  the  science  of  petrography  may  be  said  to  begin. 

Among  a  large  number  of  contributions  made  by  Cordier  to 
mineralogy  and  geology,  three  dealing  with  volcanic  rocks  are  of 
special  petrographical  interest  and  value.     These  are  as  follows : — 

1.  **  Kecherches  sur  differens  produits  volcaniques  " :  Journal  des 

Mines,  vol.  xxi.  No.  124,  1807. 

2.  **De  la  mani^re  d'etre  du  Fer  titane  dans  les  roches  volcaniques, 

et  du   role  qu'y  joue  ce   mineral "  :   Journal   des   Mines, 
vol.  xxiii,  No.  133,  1808. 

3.  "  Memoire  sur  les  substances  minerales  dites  en  masse,  qui  entrent 

dans  la  composition  des  roches  volcaniques  de  tons  les  ages  "  : 
Journal  de  Physique,  vols.  Ixxxii  and  Ixxxiii,  1816. 

The  last-mentioned  contribution  is  familiar.  It  has  been  excellently 
sommarized  and  appreciated  by  Professor  Cole  (see  Aids  in  Practical 
Geology).     The  first  two  appear  not  to  be  so  well  known.     Their 

*  Dr.  H.  8.  Washington,  **  The  Titaniferous  Basalts  of  the  Western  Mediterranean  ^ 
a  prelimiiiary  notice  "  :  Quart.  Joom.  Geol.  See.,  toI.  Ixiii  (1907),  No.  249. 
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interest  and  importance  were,  however,  fully  recognised  by  Haiiy 
and  other  early  mineralogists;  but  they  find  no  place  in  the 
bibliography  of  Fonqu^  &  Levy's  Minirdlogie  Micrographique^  and 
they  have  not  been  adequately  appreciated  by  modem  writers  on 
petrography. 

Since  these  three  memoirs  constitute  a  '  suite,'  and  as  each  forms 
part  of  a  definite  scheme  of  work  by  Cordier  on  the  subject  of  Tolcanic 
rocks,  it  seems  desirable  that  memoirs  1  and  2  should  be  summarized, 
«sj)ecially  as  their  main  purport  has  an  important  bearing  on  the 
petrographic  work  dealt  with  in  Dr.  Washington's  preliminary  notice. 

Memoir  No,  1. 

This  embodies  the  results  of  the  examination  of  a  large  number 
of  black  magnetic  sands,  obtained  from  river  beds,  and  lake  and  sea 
shores,  in  the  vicinity  of  volcanoes.  Cordier  regarded  the  sands  as 
the  disintegration  products  of  the  volcanic  rocks  with  which  they 
were  associated.  They  were  noted  as  being  sufficiently  abundant  on 
certain  beaches  to  tempt  people  to  use  them  as  iron-ore.  They  were 
rarely  pure  (presumably  as  iron-ore),  being  usually  mixed  with  grains 
of  many  other  minerals,  including  felspar,  mica,  pyroxene,  amphibole, 
melanite  (grenat  noir),  and  leucite  (amphigeneV  while  sometimes 
oorundum,  zircon,  spinel,  and  sphene  (titane  siliceo-calcaire)  were 
present. 

The  highly  magnetic  portion  of  the  sand  was  separated  from  the 
rest  by  means  of  a  bar  magnet,  and  it  was  submitted  to  special 
examination,  including  chemical  analysis.  The  portion  thus  with- 
drawn was  described  as  being  strongly  magnetic,  some  of  the  grains 
exhibiting  polarity.  Their  specific  gravity  varied  from  4-59  to  4*89, 
and  in  nearly  all  their  physical  characters  they  differed  from  ordinary 
magnetite  (fer  oxydule),  with  which,  up  to  that  time,  they  had  been 
confused. 

He  showed  by  analysis  that  these  black  highly  magnetic  grains 
contained  a  variable  but  fairly  high  percentage  of  titanium,  and  gave 
the  following  analyses  : — 

Niedermennich.  Teneriffe.  Puy. 

Oxide  of  iron 790        ...  79*2  ...  820 

Oxide  of  titanium        ...         15*9         ...  14*8  ...  126 

Oxide  of  manganese    ...          2*6        ...  1*6  ...  4*5 

Alumina           I'O        ...  0*8  ...  0*6 

Chromic  acid —         ...  ...  traces 

AVe  need  not  hero  discuss  the  merit  of  these  analyses,  except  to 
point  out  that,  in  their  essential  features,  they  may  reasonably  be 
regardod  as  being  fairly  correct.  Perhaps  the  most  interesting 
feature  is  that  chromium  scsquioxide  was  observed  to  occur  in 
traces,  and  it  is  not  unlikely  that  this  occurred  as  an  isomorphous 
interpfrowth  of  chromium  spinel  with  magnetite. 

Cordier  examined,  altojjether,  27  samples  of  sand  from  the  volcanic 
rocks  of  ten  different  countries.  His  localities  include  Central  France, 
Eastern  Spain,  the  Rhine,  Home,  Vesuvius,  Etna,  and  St.  Pierre 
(Martinique).  In  no  case  did  he  find  tittmium  oxide  to  be  absent 
from  the  highly  magnetic  constituent ;  the  amount  was  variable,  but 
did  not  exceed  16  per  cent.      He  concluded  that  this  mineral  was 
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the  same  in  all  cases ;  that  it  was  a  compound  of  iron  and  titanium 
oxides ;  and  he  gave  it  the  name  fer  tilane.  We  need  not  here 
concern  ourselves  with  the  misfortune  that  hefel  the  use  of  Cordier's 
term.  It  is  sufficient  for  us  to  note  that  his  fer  titane  is  the  same 
thing  as  our  modem  titaniferous  magnetite  {titanomagneiite  of 
Lacroix);  while  the  fer  titane  of  modem  French  is  the  mineral 
ilmenite. 

Memoir  No.  2. 

Having  examined  the  sands,  Cordier  proceeded  to  work  on  the 
volcanic  rocks  themselves,  and  here  again  he  examined  material 
from  many  different  sources.  He  first  attempted  to  isolate  the 
titaniferous  magnetite  by  crushing  and  magnetic  separation;  but  he 
observed  that  a  considerable  amount  was  always  left  behind,  which 
could  not  be  withdrawn  in  this  way.*  For  this  reason,  he  resorted  to 
the  method  of  leaching  the  titaniferous  magnetite  from  the  crushed 
rock  by  means  of  hydrochloric  acid. 

A  large  number  of  basalts,  ashes,  and  tuffs,  from  Puy-de-D6me, 
Vesuvius,  Etna,  TeneriflPe,  Popayan  (South  America),  and  elsewhere, 
were  examined  in  this  way,  and  analysis  showed  a  variation  from  0*5 
to  4  per  cent,  in  their  titanium  oxide  content. 

Cordier  expressed  surprise  that  titanium  should  be  so  widely  dis- 
tributed in  volcanic  rocks,  and  added  that  the  only  specimens  which 
were  practically  free  from  it  were  those  of  certain  pumices  and  glassy 
lavas.  He  estimated  that  95  per  cent,  of  volcanic  rocks  contained 
titaniferous  magnetite  in  considerable  amount,  the  proportion  varj^ng 
from  2  to  18  per  cent.  Its  partial  extraction,  even  when  fine-grained 
and  imperceptible  to  the  eye,  could  be  accomplished  easily  by  crushing 
and  separation  with  a  bar  magnet.  Volcanic  rocks  owed  their  mag- 
netic character  exclusively  to  this  mineral,  except  when  hsBmatite 
was  present,  which  was  veiy  rarely.  Its  abundance  in  these  rocks 
fully  explained  its  plentiful  occurrence  in  the  sands  which  were 
derived  from  them  by  disintegi'ation. 

It  is  unnecessary  to  refer  to  Cordier's  third  and  well-known  memoir 
of  1815,  except  to  note  that  in  it  he  continues  to  use  the  name  fer 
titane  for  the  highly  magnetic  constituents  of  volcanic  rocks.  He 
distinguished  this  mineral  from  ilmenite,  stating  that  the  latter 
consisted  of  a  combination  of  titanium  and  iron  oxides  in  somewhat 
equal  proportions,  whereas  /i^r  titane  contained  only  about  15  per  cent. 
of  tititnium  oxide.  He  was  also  aware  that  ilmenite  was  far  less 
magnetic  than  titaniferous  magnetite,  and  that  with  proper  care  it 
remained  behind  when  the  latter  was  extracted  by  the  magnet.  He 
found  only  a  small  quantity  of  ilmenite,  as  such,  in  the  volcauic  rocks 
which  he  examined. 

There  are  many  points  arising  out  of  Cordier^s  results  which  it 
might  be  profitable  to  discuss,  did  space  permit.  One  point  is 
especially  worthy  of  emphasis,  and  that  is  the  importance,  in  this 

*  Cordier  appears  to  have  thought  that  this  wa<j  due  to  the  extreme  fineness  of 
•ome  of  the  particles,  and  the  difficulty  of  treeing  them  from  the  matrix.  It  is  not 
Qxiiikelv,  however,  that  some  of  the  grains  which  thus  resisted  attraction  were 
ilmenite. 
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particular  case,  of  the  simple  process  of  crushing  and  magnetic 
separation  as  a  means  of  distinguishing  titaniferous  magnetite  from 
ilnienite,  when  these  occur  in  rocks.  It  has  been  commonly 
considered  that  if  leucoxene  is  deyeloped  among  the  cleavage  cracks 
the  mineral  must  be  ilmenite.  But  it  should  be  remembered  that 
titaniferous  magnetite  also  3'iclds  leucoxene  as  an  alteration  product; 
and  it  may  on  this  account  be  safely  asserted,  that  much  titaniferous 
magnetite  has  been  described  as  ilmenite  on  evidence  gathered  from 
rock  sections  alone.  This  confusion  can  be  readily  avoided  by 
following  Cordier's  method  of  partially  crushing  the  rock.  It  is 
convenient  to  sift,  wash  away  the  powder,  and  diy  the  residual  grains. 
From  these,  magnetite,  if  present,  can  be  withdrawn  by  a  small  hand 
magnet,  whereas  the  ilmenite  remains  behind.  The  magnetite  thus 
withdrawn  is  somewhat  readily  soluble  in  strong  hot  hydrochloric 
acid,  and  if  the  magnetite  is  titaniferous  this  can  be  proved  chemically 
by  the  violet  colour  reaction  on  reduction  with  metallic  tin.*  In  view 
of  the  simplicity  and  effectiveness  of  this  process,  Dr.  Washington 
should  have  no  difficulty  in  determining  whether  the  titanium  of 
his  rocks  is  present  as  titanite,  ilmenite,  augite,  olivine,  or  titani- 
ferous magnetite.  The  matter  is  still  under  investigation,  but 
Dr.  Washington  informs  us  that  **the  available  data  indicate  that 
a  large  propoition  of  it  is  present  in  titani^srous  magnetite,  with 
probably  somewhat  less  in  the  augite."  On  this  matter  we  may 
venture  to  predict  that  further  work  will  prove  practically  all  the 
titanium  to  be  present  as  titaniferous  magnetite  (and  ilmenite),  as 
Cordier  showed  about  a  hundred  years  ago. 

Now  that  we  have  attempted  to  do  justice  to  Cordier,  let  us  proceed 
to  examine  certain  features  of  Dr.  Washington's  preliminary  notice 
which  seem  to  call  for  criticism. 

On  page  76  (loc.  cit.)  we  are  told  that  **tho  pale  green  or 
colourless  augites  of  Central  Italy  are  markedly  titaniferous,"  one 
of  them  carrying  2-85  per  cent,  of  titanium  dioxide.  On  looking 
up  the  account  given  by  Dr.  Washington  in  **The  Roman  Comagmatic 
liegion"  to  which  he  refers  us,  we  find  that  the  titanium-dioxide 
content  of  this  augite  was  determined  in  the  following  manner : — 
"  The  rock  powder  used  for  the  chemical  analysis  of  fiie  rock  was 
digested  for  some  hours  in  warm  dilute  hydrochloric  acid,  to  which 
a  little  hydrofluoric  acid  was  added.  The  residue  was  washed  out 
with  dilute  solution  of  sodium  carbonate,  and  the  process  repeated, 
but  without  hydrofluoric  acid,  the  final  residue  being,  of  course, 
washed  perfectly  free  from  aU  soluble  salts.  This  process  would 
naturally  dissolve  all  the  leucite,  olivine,  melilitc,  magnetite,  apatite, 
and  anorthite,  which  are  the  only  other  minerals  present,  and  would 
have  only  a  slight  effect  on  the  augite,  removing  the  outer  portions." 
Then  follows  an  analysis  which  shows  2*85  per  cent,  of  titaninm 
dioxide. 

The  obvious  defect  of  this  procedure  is,  that  ilmenite  and  rutile  may 
easily  have  been  present  in  the  powder  analysed.     It  is  a  fact  that 

^  The  poApible  occurrence  of  coane  intergroi^'ths  of  ilmenite  should  always  be 
kept  in  mind,  and  any  residue  which  may  be  obtained  should  be  examined 
magnetically,  microscopically,  and  chemically,  as  rutile  may  also  possibly  be  preeent. 
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rutile  and  ilmenite  both  occur  as  intergrowths  with  magnetite,  and 
it  is  not  at  all  uncommon  for  titaniferous  magnetite  to  leave  a  residue 
of  rutile  when  crushed  and  leached  with  strong  hot  hydrochloric  acid. 
Therefore,  unless  it  can  be  proved  that  ilmenite  and  rutile  were  absent, 
Dr.  Washington's  analysis  of  the  above-mentioned  rock  residue  does 
not  prove  that  the  titanium  dioxide  was  present  as  titaniferous  augite. 

As  regards  the  Linosa  hornblende,  which  **  yielded  as  much  as  8*47 
per  cent,  of  titanium-dioxide,"  we  need  evidence  that  no  inclusions  of 
ilmenite,  etc.,  were  present  in  the  crystal  analysed.  Indeed,  some  of 
the  evidence  so  far  adduced  by  various  workers  to  support  the  view 
that  titanium  enters  vitally  and  in  any  serious  quantity  into  the 
composition  of  ordinary  ferromagnesian  minerals,  is  not  at  all 
convincing  in  its  character. 

Again,  on  page  73  (loc.  cit.)  Dr.  Washington  makes  the  following 
statement  concerning  the  Western  Mediterranean  basalts  and  their 
titanium  content :  **  Of  the  minor  constituents,  titanium-dioxide  is  the 
most  notable.  This  constituent  is  present  in  every  case  in  very  large 
amounts:  large,  that  is,  for  this  substance,  the  average  amount  of 
which  in  igneous  rocks  is  I  per  cent,  or  less.  Indeed,  the  higher 
figures  found  in  the  table  are  unparalleled  elsewhere,  except  in 
titaniferous  ores." 

ISow  considering  the  fact  that  titanium  dioxide  is  more  abundant  in 
basic  than  in  acid  igneous  rocks,  we  may  reasonably  contend  that  the 
Western  Mediterranean  basalts  should  be  compared  with  other 
basalts,  rather  than  with  rocks  in  general,  if  we  wish  to  understand 
the  correct  bearing  of  any  peculiarity  which  they  may  exhibit  with 
respect  to  their  titanium  content.  While  it  may  be  true  that  igneous 
rocks  in  general  do  not  average  more  than  1  per  cent,  of  titanium 
dioxide,  this  statement  is  not  time  of  the  salfemane  class,  and  it 
is  still  less  true  of  certain  yet  more  basic  types. 

In  order  to  test  this  point  fairly,  let  us  take  the  analyses  of  the 
rocks  of  the  salfemane  class  given  in  Dr.  Washington's  valuable 
compilation  of  rock  analyses.'  Of  the  230  superior  analyses  of 
salfemanes  there  given,  in  which  titanium  dioxide  was  actually 
estimated,  these  rocks  show  a  range  from  0*03  to  6*18  per  cent,  of 
that  oxide,  with  an  average  of  about  1*67  per  cent.  Of  these  230 
salfemanes,  75  have  more  than  2  per  cent,  of  titanium  dioxide,  33  have 
over  3  percent.,  while  16  have  more  than  4  per  cent.,  and  several 
have  more  than  5  per  cent. 

Further,  Dr.  Washington  gives  in  his  list  of  superior  analyses,  five 
taken  from  the  results  obtained  by  Grubenmann  for  the  melilite- 
basalts  of  Baden.  Of  these  five  analyses,  one  is  included  in  the 
salfemanes  and  four  in  the  dofemanes;  they  range  from  4*79  to  8*85 
per  cent,  of  titanium  dioxide. 

Instances  could  be  multiplied  to  show  the  abundance  of  titanium  in 
certain  basic  igneous  rocks  which  are  not  *  titaniferous  ores.'  Indeed, 
the  abundance  of  titaniferous  ores  themselves  as  segregations  in  igneous 
rocks  is  sufficient  to  make  any  one  pause  before  giving  assent  to 
Dr.  Washington's  proposition,  that  the  percentage  of  titanium  dioxide 

>  *•  ChemJeal  Anslyses  of  Igncoas  Rocks  '* :  Professional  Paper,  No.  14,  U.S.  (JeoL 
SiuTey,  1903. 
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in  the  rocks  of  any  region  should  he  made  a  fundamental  feature 
in  characterising  a  petrographic  province.  At  any  rate,  his  statement 
that  **tho  higher  figures  found  in  the  tahle  are  unparalleled  else- 
where, except  in  titaniferous  ores,"  seems  not  to  he  in  accordance 
-with  facts. 

Another  feature  of  Dr.  Washington's  preliminary  notice  appears  to 
make  a  somewhat  heavy  demand  upon  our  credence.  The  analyses 
recorded,  as  already  mentioned,  are  of  specimens  from  only  four 
localities,  two  of  which  are  small  adjacent  islands,  but  the  other 
localities  are  widely  separated ;  and  we  are  asked  to  regard  these  few 
analyses  of  certain  widely  separated  rocks  as  indicative  of  a  condition 
prevailing  throughout  that  portion  of  the  Western  Mediterranean 
region  which  he  has  partially  defined. 

In  this  connection,  one  important  fact  already  mentioned  should  be 
specially  emphasised,  and  that  is,  that  no  mineral  exhibits  a  more 
pronounced  tendency  to  segregation  than  does  titanic  iron-ore.  That 
Such  is  the  case  has  been  abundantly  proved.  In  some  cases,  whole 
mountains  are  practically  built  up  of  material  which  has  been  segregated 
in  this  way.  Such  segregated  titanic  ores  are  usually  local,  and  their 
occurrence  is  significant  as  indicating  that  titanium  dioxide  has  an 
irregular  distribution  in  rock  magmas,  using  the  term  magma  in 
a  broad  I'egional  sense.  Even  the  method  of  sampling  would  appear 
to  be  an  insufficient  correction  for  such  an  irregular 'distribution,  as 
the  segregations  are  likely  to  bo  either  too  prominent  or  altogether 
beyond  observation. 

This  brings  us  to  the  important  question :  What  are  the  criteria  of 
a  comagmatic  region  ?  If  such  criteria  are  to  be  scientific  rather  than 
merely  empirical,  it  would  appear  important  that  they  should  be 
based  essentially  on  features  of  somewhat  persistent  and  uniform 
development.  In  this  respect,  varying  amounts  of  constituents  such 
as  alkalies  may  be  admitted  to  a  high  place  as  ciiteria,  for  not  only  do 
they  seriously  affect  the  constitution  and  physical  properties  of 
essential  minerals  ;  they  are  also  partly  responsible  for  the  production 
of  a  characteristic  group  of  minerals  of  great  importance,  and  they 
have  a  somewhat  uniform  distribution. 

But  the  same  claim  can  scarcely  be  urged  for  titanium  dioxide,  since 
it  separates  early,  is  liable  to  segregation,  and  does  not  vitally  affect 
the  chemical  constitution  and  physical  properties  of  any  important 
group  of  the  minerals  according  to  which  rocks  are  classified.  It 
remains  to  be  seen  whether  further  work  in  the  Western  Mediterranean 
area  will  justify  the  use  of  titanium  dioxide  as  the  principal  index  of 
a  special  province.  The  evidence  so  far  presented  is  far  from  being 
conclusive.  It  would  appear  that  Dr.  Washington  has  laid  too  much 
stress  on  the  significance  of  the  titanium  content  of  the  few  rocks  he 
has  so  far  analysed,  and  it  remains  to  be  demonstrated  whether  even 
these  are  typical,  for  the  area  is  a  large  one.  Further,  it  is  a  well- 
known  fact  that  the  estimation  of  titanium  is  a  matter  of  considerable 
difficulty,  and  even  where  it  has  not  been  altogether  neglected  the 
stated  percentage  is  often  untrustworthy,  being  in  many  cases  probably 
much  too  low.  This  fact  adds  considerably  to  the  necessity  of 
exercising  caution  in  arguing  from  a  comparison  with  hitherto 
published  analvses. 
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Again,  we  may  call  attention  to  the  fact  that  Grubenmann  found  as 
much  as  3  per  cent,  of  chromium  sesquioxide  in  the  highly  titanifcrous- 
melilite  basalts  of  Baden.  It  seems  that  this  constituent  has  not  been 
determined  in  the  Western  Meditenimean  basalts,  in  spite  of  the  fact 
that  they  also  might  be  expected  to  contain  chromium. 

Chlorine,  too,  finds  no  place  in  the  table  of  analyses,  even  among 
the  undetermined  constituents,  although  the  norms  for  the  fourteen 
specimens  analysed  exhibit  an  average  of  about  2  per  cent,  of  apatite, 
and  one  norm  shows  the  unusual  amount  of  5*04  per  cent,  of  that 
mineral.  Dr.  Washington  informs  us  that  chlorine  is  present  in  some 
of  the  Linosa  rocks,  but  its  amount  has  not  been  estimated,  and  it  is 
regarded  as  being  derived  from  sea-water.  One  might  have  thought, 
however,  that  such  quantities  of  apatite  would  have  rendered  it 
necessary  to  provide  a  place  for  chlorine  (or  fluorine)  in  stating  the 
results  of  a  lirst-rate  analysis ;  and  there  are  other  reasons  why  the 
estimation  of  chlorine  in  such  rocks  should  not  be  disregarded.  In 
point  of  quantity,  at  any  rate,  it  is  likely  to  be  of  as  much  importance 
as  nickel  oxide,  for  which  a  place  is  provided. 

On  the  whole,  these  Western  Mediterranean  basalts  are  very  similar 
to  one  another,  and  such  important  chemical  differences  as  they 
exhibit  are  abundantly  manifest  in  their  mineral  composition.  Indeed, 
their  essential  similarity  is  so  striking  that  one  is  surprised  to 
find  these  rocks  described  under  names  so  various  as  Monchiquose, 
Camptonose,  Limburgose,  Andose,  Akerose,  and  Andose-Camptonose. 
It  may  be  necessary,  as  a  matter  of  convenience,  to  give  names  to 
rocks,  but  such  a  multiplication  of  names  is  neither  necessary  nor 
useful.  Such  names  only  conceal  the  truth,  and  lead  people  to 
believe  that  the  evidence  at  present  available  for  rock  classification 
is  of  a  higher  order  of  exactness  than  it  really  is.  The  plain  fact  of 
the  matter  is  that,  just  as  in  biology  the  process  of  evolution  to  some 
extent  defies  the  wisdom  of  the  systematist,  so  in  petrology  the  processes 
of  differentiation  and  admixture  confound  his  artifices.  Dr.  Evans 
has  recently  shown  that  the  American  system  has  not  escaped  from 
confusion.^ 

Such  being  the  case,  it  is  interesting  to  note  the  new  turn  that  has 
been  given  to  petrology  by  the  study  of  the  physico-chemical  laws 
which  underlie  the  process  of  differentiation.  A  fuller  knowledge  of 
these  laws  will  probably  emphasise  the  significance  of  the  mineral 
composition  of  rocks  as  an  index  to  chemical  conditions.  When  these 
laws  have  been  worked  out,  it  is  not  unlikely  that  mineralogical  methods 
(including  chemical  analysis  as  a  subsidiary  feature)  will  meet  the  full 
demand  which  a  natural-history  study  of  rock  relationships  makes 
upon  them.  Such  an  issue  would  be  welcome,  as  it  would  simplify 
rather  than  complicate  the  problem  of  clussification ;  at  any  rate, 
it  would  render  unnecessary  the  unnatural  system  and  unwieldy 
terminology  which  the  Americans  have  introduced. 

In  conclusion,  we  may  be  excused  for  emphasising  the  fact  that 
many  defects  attend  an  exclusively  chemical  and  too  narrow  view  of 
Tock  analysis.  In  this  respect,  it  is  pleasing  to  be  able  to  call  in 
Coidier's  work  as  an  illustration  of  a  liberal  mode  of  enquiry,  for  the 

1  <*The  Qnantitatiye  Classification  of  Igneous  Rocks'* :  Science  Progress,  No.  2, 
1906. 
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modem  petrograpber  stands  to  gain  by  a  sympatbetic  consideration  of 
tbe  methods  which  he  used.  By  way  of  example,  we  may  again  refer 
to  Dr.  Washington's  work  on  ''The  Roman  Comagmatic  B^on." 
He  there  states  that  zircon  has  not  hitherto  been  recorded  authentically 
as  occuping  in  the  rocks  of  this  region.  We  are  inclined  to  ask  what 
efforts  baye  been  put  forth  to  find  it.  Have  tbe  surface  deposits,  such 
as  river  sands,  been  carefully  examined  ? 

Experience  indicates  that  an  examination  of  tbe  sands  lying  in  the 
streams  which  flow  over  the  Italian  basalts  would  almost  inevitably 
reveal  the  presence  of  zircon  and  other  minerals  of  petrographical 
importance.  In  making  this  statement  we  merely  echo  a  note  emitted 
by  Bellevue  107  years  ago.  It  should  be  unnecessary  to  point  out 
that  the  mere  examination  of  a  few  rock  slices,  or  the  analysis  of  one 
gram  of  a  crushed  rock,  is  not  a  fair  way  of  determining  the  presence 
or  absence  of  zircon  in  the  rocks  of  a  region  involving  hundreds  of 
cubic  miles.     Perhaps  a  few  figures  will  make  this  point  more  striking. 

We  may  safely  assert  that  an  amount  of  zircon  equivalent  to  0  01 
per  cent.^  of  a  basalt  would  probably  be  overlooked  in  a  chemical 
analysis  of  the  crushed  rock,  and  appears  usually  to  be  missed  in  rock 
sections.  And  yet  a  cubic  metre  of  such  a  rook  would  carry  about 
300  grams  of  zircon,  assuming  the  latter  to  be  uniformly  distributed, 
which  it  usually  is.  In  other  words,  a  cubic  yard  of  such  a  rock 
would  carry  about  ^  lb.  of  zircon,  from  which  we  infer  that  a  cubic 
mile  would  carry  well  over  a  million  tons  of  this  mineral.  Hence  we 
see  that  hundreds  of  millions  of  tons  of  zircon  may  be  disseminated 
through  the  igneous  rocks  of  a  pctrographic  province,  although  it 
would  not  be  detected  by  the  chemical  methods  now  in  vogue.^  It 
thus  seems  reasonable  to  urge  that,  if  we  are  to  talk  of  comagmatic 
regions,  we  cannot  remain  satisfied  with  the  results  of  analysis  applied 
to  such  small  quantities  of  crushed  rock  as  will  barely  cover  the 
bottom  of  a  crucible. 

Belle vue  and  Cordier  exhibit  for  us  a  way  out  of  these  difficultiee. 
The  stream  deposits  of  a  region  retain  the  heavy  residues  which  have 
resulted  from  disintegration  carried  out  through  immense  periods  of  time 
and  on  numberless  tons  of  material.  The  petrograpber  has  foolishly 
left  the  study  of  these  deposits  to  the  prospector.  From  such 
deposits  a  miner's  panning  operation  clears  out  most  of  the  quartz ; 
a  magnetic  separation  eliminates  the  ferromagnetic  minerals,  and  when 
this  is  done  it  is  very  seldom  indeed,  if  ever,  that  zircon  is  not  left 
behind  in  considerable  quantity,  and  is  readily  identified  with  the 
microscope.  If  the  rocks  themselves  are  to  be  examined,  they  may 
be  crushed,  and  in  imitation  of  ChrustschofP,  a  few  hundred  grams  ol 
the  crushings  may  be  manipulated  by  physical  methods  to  secure 
a  zircon  residue. 

Zircon  is  not  alone  in  this  respect  as  a  mineral  the  importance  of 
whose  regional  dissemination  is  liable  to  be  overlooked,  though  it  is 
perhaps  the   commonest    instance.      The    extensive   distribution    of 

^  Allowing  for  the  inclusions  of  such  zircons,  this  would  coirespond  to  not  moie 
than  0*005  per  cent,  of  Zr  O2. 

'  For  the  estimation  of  zirconia,  Dr.  Washington  recommends  the  ose  of  one 
gram  of  the  crushed  rock.     See  "  Manual  of  the  Chemical  AnalyaiB  of  Bocks,'*  1904. 
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monazite  in  small  crystals  in  granites  and  gneisses  is  also  of  some 
importance,  especially  now  that  the  radio-activity  of  rocks  is  being  so 
mach  discussed.  Considerations  such  as  these  may  have  an  import&nt 
bearing  on  the  study  of  petrographic  provinces.  The  possibility  of 
using  such  minerals  as  supplementary  magmatic  indicators  has  not  yet 
been  considered ;  but  if  ever  the  eruptive  rocks  of  the  earth's  crust 
are  mapped  out  in  a  series  of  provinces,  it  is  possible  that  such 
indicators  may  be  important.  These  views  give  strength  to  the  old- 
fashioned  belief  that  natural  mineral  assemblages  are  more  important 
than  artificial  norms.  It  may  be,  indeed,  that  future  work  will 
confirm  the  American  method  of  making  chemical  analyses  and 
artificial  norms  the  primary  basis  of  classification ;  but  it  is  more 
likely  that  the  working  out  of  natural  mineral  assemblages  on 
a  comprehensive  scale,  and  the  characterisation  of  peculiarities  in 
the  minerals  themselves,  will  be  the  ultimate  goal  of  systematic 
petrography. 


V. — The  Fauwa  of  the  Bokkeveld  Beds. 
By  P.  R.  CowPBR  Kbkd,  M.A.,  F.6.S. 

IT  is  useful  from  time  to  time  to  take  Rtock  of  our  knowledge  in 
connection  with  such  a  geological  problem  as  that  of  the  fauna  of 
the  Bokkeveld  Beds,  so  that  we  may  ascertain  to  what  stage  in  the 
process  of  its  elucidation  we  have  arrived,  and  may  note  the  direction 
in  which  the  evidence  is  pointing.  An  indication  of  the  principal  gaps  in 
our  knowledge  may  also  be  obtained  in  this  manner,  and  new  suggestions 
as  to  the  more  promising  lines  of  investigation.  The  conclusions 
arrived  at  from  such  a  survey  may  be  employed  tentatively  as  working 
hypotheses,  but  it  muy  be  premature  to  base  upon  them  confident 
generalisations.  Approaching  the  question  of  the  composition, 
relations,  origin,  and  distribution  of  the  Bokkeveld  fauna  in  this 
spirit  of  caution  and  with  the  foregoing  objects  in  view,  we  find 
firstly  that  a  considerable  advance  has  been  made  in  our  knowledge 
of  it  and  allied  faunas  during  the  last  few  years.  The  researches  of 
TJIrich,  Kayser,  Clarke,  Katzer,  Thomas,  and  others  in  South  America 
have  given  us  an  immense  amount  of  fresh  information  on  the  Devonian 
bunas  of  that  continent,  and  the  South  African  fossils  themselves 
have  been  studied  by  Lake,  Schwarz,  and  the  author.  Their  general 
poor  state  of  preservation  is  a  matter  of  regret,  but  the  increase  in  the 
material  available  has  cleared  away  some  of  the  difficulties  met  with 
by  Salter  and  other  previous  workei*s.  Much  undoubtedly  remains  to 
be  learnt  from  work  in  the  field,  and  we  may  expect  further  yields  of^ 
new  species  from  difEerent  localities  in  the  immense  area  still  to  bo 
explonnl. 

The  references  given  at  the  end  of  this  paper  do  not  aim  at  being 
a  complete  list  of  all  recent  literature  dealing  with  the  subject  of  the 
Devonian  faunas  of  South  Africa  and  South  America,  for  only  those 
works  are  quoted  which  appear  to  the  writer  to  be  of  special  interest 
or  impcfftance  in  connection  with  the  Bokkeveld  fossils. 
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St&aitgrapht. 
The  stratigraphical  relations  and  sequence  of  the  beds  comprised 
in  the  Bokkeveld  Series  have  been  carefully  observed  in  many  parts  of 
the  Cape,  and  the  succession  of  the  beds,  where  typically  developed, 
has  been  recently  given  by  Rogers  (1),  and  may  be  concisely  expressed 
as  follows  (in  descending  order) : — 

Fourth  Saxdstonb  100  ft  )  -^^"^  ^^^  ^'^  ^^^  ^  ^^^^  defined  as  the  lower 

Shales   ...  '"     300  ft"  }     diTiaioM,  and  they  contain  only  badly  pre- 

Thikd  Sandstoxb       *.*,'.     100  ft'.  )      ^^^  plant-remains. 

^^^Ba about  350  ft.    Often  micaceoua,  with  thin  interbedded  quartzites 

and  usually  few  fossils  (Lingula,  XueuHU§, 
erinoid  steins,  a  trilobite,  dmuUria,  plant- 
remains). 

Skcond  Sakdstokx      ...     400  ft.    Many   shale    beds.       Few    fossils ;     Spirifir 

occasionally  abundant. 

°"ALB8 100-300  ft.    Fossiliferous  (especially  starfish,  but  also  many 

species  occurring  in  lower  shales). 

First  Sandstonb        ...     150  ft.    Slightly    calcareous,  containing   many   fossils 

locally,  especially  Shnri/fr  and  Zeptocmlim. 
f  Oft«i  contauing   nodules,  and   many  fossils 

Shales  and  thdc  \    .|^„.  onn  #♦  )      (Phaeopt^  HomaUmotus,  Ltptoemlim,  Spiriffr, 
Sandstones      }   «dom  wu  n.  <      choiutf.Orthotheiet.Orthoeerat.BeUtropkom^ 

\     IfHcuUtet,  and  Crinoids). 

A  definite  sequence  of  fossil  forms  in  the  successive  beds  might 
reasonably  be  expected,  but  Schwarz  (2,  p.  347)  has  recently  declared 
that  in  spite  of  long  and  determined  efforts  he  has  failed  to  recognise 
any  zonal  succession  or  assortment  of  species  in  the  series.  This  is 
distinctly  disappointing,  as  in  the  homotaxial  Devonian  of  South 
America  certain,  though  not  very  strongly  marked,  faunistic  differences 
are  noticeable.  A  more  or  less  decided  difference  in  the  faunistic 
facics  can,  however,  be  observed  in  the  Bokkeveld  Series,  which  is 
connected  with  the  lithological  character  of  the  rocks ;  thus  the  shales 
possess  a  different  assemblage  of  fossils  to  the  sandstones,  but  this 
difference  is  seemingly  due  to  bionomical  causes  and  to  the  nature  of 
the  environment  as  expressed  in  the  sedimentation  rather  than  to 
a  chronological  replacement  of  types  and  a  succession  of  different 
faunas  each  of  stratigraphical  significance.  Accordingly  we  find 
ourselves  forced  at  the  present  time  to  regard  the  fauna  of  the  entire 
Bokkeveld  Series  as  composing  a  simple  and  stratigraphically  indivisible 
whole,  even  the  faunulcs  being  scarcely  distinguished  as  yet,  though 
future  work  may  modify  this  conclusion. 

It  has,  indeed,  been  observed  that  there  are  peculiarities  in  the 
horizontal  distribution  of  some  of  the  organisms ;  for  instance,  the  genus 
Homalonotus  predominates  in  the  western  and  northern,  the  Spirifert 
in  the  central,  and  the  ornate  Phaeops  in  the  eastern  outcrops,  according 
to  Schwarz  (2).    But  to  what  these  facts  point  is  at  present  uncertain. 

From  the  foregoing  remarks  it  will  be  seen  that  in  the  present  state 
of  our  knowledge  we  must  include  all  the  fossils  from  every  locality 
and  bed  in  the  same  list,  and  this  principle  is  accordingly  followed. 

Composition  of  the  Faux  a. 

The  various  zoological  groups  of  organisms  are  treated  here 
separately  in  order  to  discuss  conveniently  the  special  characters  of 
Durious  members  and  of  the  general  features  of  each  group. 
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(fl)  Trilohita, 

The  trilobites  include  the   following  species,   adopting   Schwarz's 
%  pp.  382-400)  modifications  of  Lake's  (3)  list  :— 

EomalanotM  o^restit,  Schwarz.  Fh,  (Or.)  ealHtrit,  Schwarz. 

ir.  eoloMUM,  Lake.  Ph.  (Cr,)  Ceret,  Schwarz. 

H,  Heneheli,  Murchi»on.  Ph.  erUtagalli  (Woodward). 

E.  hippocampus^  Schwarz.  Ph,  (Cr.)  Oydowi^  Schwarz. 

E.  horridm,  Schwarz.  Ph.  imprestut.  Lake. 

H.  lex,  Schwarz.  Ph.  oeeUuSy  Lake. 

E.  perarmatuM,  Freeh.  Ph.  pupUlm^  Lake. 

E.  quernuM,  Lake.  Phaeopt  ?  sp.,  Lake. 

H.  Serteheli,  var.  or  sp.  nov.,  Schwarz.   Dalmanitet  lunatus,  Lake. 

E.  sp.,  Lake.  J),  sp.,  Lake. 

PhaeopM  acacia,  Schwarz.  Proetm  malaeua,  Lake  (?  =  Jh'.  Rieardi, 

Ph,  {Acaste?)  afrieanus,  Salter.  Schenck). 

Ph.  arbutcutf  Lake.  Typhloniicui  Baini,  Salter. 

Ph.  {Cryphaut)  eafer,  Salter. 

By  the  foregoing  list  it  will  be  observed  that  out  of  the  26  species 
of  trilobites  so  far  recorded,  22  (or  24  if  we  include  DalmaniUt  in  the 
genus  Phaeopt)  belong  either  to  the  genus  Sbmaionotm  or  Phaeopt^ 
using  the  latter  name  in  a  broad  sense.  The  distinction  of  the  various 
species  and  their  precise  number  is  a  matter  of  some  uncertainty,  some 
of  them  having  been  founded  on  isolated  pygidia  and  others  on  isolated 
head-shields,  which  in  some  cases  at  any  rate  probably  belong  to  the* 
same  species.  There  is  also  a  difference  of  opinion  as  to  the  specifia 
union  of  some  of  the  types,  Schwarz  splitting  up  Salter  and  Lake's 
H.  Sertcheli  into  four  species,  and  ascribing  Lake's  type  of  Ph,  crista^ 
gdUi  to  a  new  species,  Ph.  acacia. 

In  the  above  list  the  subgenenc  names  and  references  of  certain  of 
the  Phacopidse  are  given  according  to  Schwarz  and  Lake's  usage.. 
But  it  may  be  pointed  out  that  neither  of  the  terms  Aeaste  nor 
Cryphaus  can  be  applied  to  trilobites  for  reasons  of  priority  (4)  (5). 
With  regard  to  the  rightful  inclusion  of  any  of  the  South  African 
species  in  either  of  the  two  groups  or  subgenera  signified  by  these 
names,  Salter,  Lake,  and  Schwarz  have  generally  been  doubtful, 
though  Lake  (3,  p.  211)  says  that  Ph.  caffer  is  a  **true  Cryphaus.** 

The  group  designated  by  the  name  Cryphaus  (Green,  1837)  was 
founded  on  the  American  species  Cr.  Boothi,  Green,  in  which  the 
axis  of  the  pygidium  has  10-14  rings  and  the  lateral  lobes  5  ribs 
produced  into  spines  round  the  margin,  and  there  is  also  a  more  or 
less  developed  median  terminal  spine  in  the  variety  Cr.  collitelui, 
Green.  Hall  &  Clarke  (6,  p.  xxxiii)  defined  the  subgenus  Crypham 
(genus  Dalmanitet)  as  follows :  **  Genal  angles  produced  into  long, 
often  laterally  compressed,  and  narrow  spines.  Posterior  thoracic 
segments  produced  and  acute.  Pygidium  with  five  annulations  and 
five  pairs  of  marginal  lobes  or  spines.  Terminal  lobe  more  or  less 
developed."  Ph.  caffer  has  10-11  rings  on  the  axis  of  the  pygidium 
and  5  ribs  on  each  lateral  lobe  produced  into  spines.  Ph.  ocellus  and 
Ph.  impre$tm  are  probably  also  allied,  though  the  pygidial  axis  in  the 
former  bears  only  7  rings  and  in  the  latter  only  8-9.  In  Cr.  BarrUiy 
Hall,  of  the  Hamilton  Group  there  are  only  6-8  rings  on  the  axis,  so 
that  the  small  number  in  these  two  species  is  not  quite  exceptional. 
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Ph.  callitrU  is  said  by  Schwarz  (2,  p.  394)  to  agree  in  many  particulars 
with  Ph,  ocellus.  Ph.  Gydowi  is  similar  in  many  respects,  and 
Ph.  Ceret  is  undoubtedly  allied.  In  all  these  species  Uiere  is  a  marked 
tendency  for  the  second  pair  of  glabellar  lateral  furrows  to  be  reduced 
and  not  to  enter  the  axial  furrows,  resulting  in  a  more  or  less  complete 
fusion  of  the  first  and  second  lateral  lobes  of  the  glabella.  The  same 
feature  is  met  with  in  Acaste  (=  Phacapidella),  which  is  a  Silurian 
group,  comprising  PA.  Downingia. 

The  genal  angles  are  not  produced  into  long  spines,  but  where  the 
head-shield  is  sufficiently  known  they  seemed  to  have  been  angular 
{Ph.  impretius)^  rounded  (Ph.  oeellus),  or  furnished  with  small  laterally 
directed  spines  {Ph.  caUitrui),  Herein  they  differ  markedly  from 
typical  OrfphtBUif  and  seem  to  furnish  an  additional  point  of 
resemblance  to  Acante.  If  a  distinctive  name  for  this  group  is 
required,  the  name  JHetaeryphaus  is  suggested. 

The  remaining  Phacopidse  from  the  Bokkeveld  Beds  seem  to  fall 
into  another  group  which  in  many  respects  resembles  that  containing 
Dalmanitet  anehiapty  Green,  and  was  mistakenly  referred  by  HaU 
and  Clarke  to  McCoy's  subgenus  ChasMops,  which  has  completely 
different  characters  (4,  p.  10).  The  definition  of  the  subgenus 
according  to  Hall  ft  Clarke  (6,  p.  xxxiii)  was  apparently  drawn  up 
from  the  type  of  J),  anchiops  of  the  Oriskany  Sandstone  and  Upper 
Helderberg,  and  runs  as  follows:  *' Genal  angles  usually  produced 
into  spines.  Frontal  lobe  of  the  glabella  large,  transverse,  and  not 
intersected  by  the  facial  sutures.  Lateral  lobes  unequal,  the  first  and 
secdnd  pairs  being  coalesced  and  the  third  pair  nearly  obsolete. 
Pygidium  large,  sometimes  with  a  terminal  spine."  A  anchiopt, 
Green  (6,  p.  59,  pi.  ix,  figs.  1-6,  10,  12,  13;  pi.  x,  figs.  1-14),  has 
genal  angles  produced  into  stout  long  spines ;  there  is  a  nuchal  spine 
on  the  occipital  ring ;  the  fir^t  and  second  lateral  lobes  of  the  glabella 
have  coalesced  owing  to  the  reduction  of  the  second  lateral  furrows  ; 
the  eyes  arc  large  and  lunate  and  appressed  to  the  first  and  second 
coalesced  lobes;  the  pygidium  has  an  axis  with  9-14  rings  and  lateml 
lobes  with  8-9  ribs,  and  it  is  produced  into  a  more  or  less  upjtumed 
tapering  mucronate  termination.  In  the  South  African  Ph.  erUtagaUi, 
Ph.  arhuteuSy  and  Ph.  acacia  we  see  several  of  these  features.  The 
first  has  precisely  the  same  type  of  pygidium,  but  it  has  only  seven 
lateral  ribs,  and  these  are  tuberculated,  and  the  axis,  which  con.^sts 
of  eiffht  rings,  carries  a  single  row  of  median  spines  like  the  thorax. 
The  head-shield  is  unknown.  In  Ph.  arhuieus  there  is  a  slight 
reduction  of  the  second  lateral  furrows,  the  neck-segment  bears  a  strong 
me<lian  spine,  and  the  pygidium  has  tlie  typical  mucronate  shape,  but 
only  hears  8  rings  on  the  axis  and  5  ribs  on  the  lateral  lobes.  The 
axis  of  the  thorax  bears  a  median  spine  on  each  segment,  but  they 
seem  to  be  absent  from  the  pygidium.  In  Ph.  acacia  the  neck -segment 
bears  a  strong  median  spine,  the  genal  angles  ai*e  furnished  with  short 
spines,  the  thinl  glabellar  lateral  furrows  (as  in  Ph.  arbuteus)  are 
speoially  deep,  the  axis  of  the  thoracic  segments  boars  median  spines 
as  in  the  other  two  species.  Ph.  pupillm,  only  known  by  an 
incomplete  head,  has  cranidial  characters  of  precisely  the  same  type. 

With  regard  to  Ph.  africanus,  which  has  been  suggested  to  belong 
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to  AeoMte  {^  Fkaeoptdella,  Beed),  the  head  has  exactly  the  same 
general  characters  as  the  foregoing  species,  i.e.,  a  strong  nuchal  spine, 
a  very  deep  third  glabellar  furrow,  a  median  spine  (probably,  acconiing 
to  Lake)  on  each  thoracic  axial  ring,  and  a  pygidial  axis  produced 
beyond  the  margin  bearing  9  rings,  with  5  ribs  on  each  lateral  lobe. 
Schwarz  (2,  pp.  398-399)  has  indeed  hinted  that  it  may  belong  to  the 
mrista^aHi  group,  and  Salter  believed  that  the  genal  angles  were 
spined,  thus  increasing  the  resemblance.  There  does  not  therefore 
appear  to  be  sufficient  grounds  for  separating  it  from  this  group,  and 
I  would  refer  this  whole  set  of  species  to  a  special  subgroup  of 
B,  amehiops  characterised  (1)  by  fewer  (typically  8)  segments  in  the 
pygidium,  only  5  pairs  of  ribs  being  present  as  a  rule  on  the  lateral 
lobes ;  (2)  by  the  presence  of  median  spines  on  the  axis  of  thorax  and 

Sygidium ;  (3)  by  small,  instead  of  stout  and  long,  genal  spines  (in 
).  anekiopi,  var.  armatut,  Hall  (6,  p.  62,  pi.  ix,  figs.  7-9),  the  genal 
spines  are  inconspicuous  or  obsolete) ;  (4)  by  less  pronounced 
coalescence  of  first  and  second  lateral  lobes  of  glabella.  (Xom.  prop. 
Anchtopella.)  Clarke  (8,  p.  33)  considered  the  Maecuru  species 
described  by  him  as  Dalmanites  galea  as  a  representative  of  the  genus 
AeoMte,  Salter,  on  the  strength  of  the  coalescence  of  the  first  and 
second  lateral  lobes  of  the  glabella,  rounded  genal  angles,  and  general 
characters  of  the  head-sliield  on  which  the  species  was  founded.  In 
discussing  its  resemblance  (8,  p.  57)  to  2).  gonzagantu,  Clarke,  from 
the  same  horizon  in  Parana,  he  alludes  to  its  resemblance  to 
B,  anehiof^  var.  iobrinus.  Hall,  of  the  Schoharie  grit. 

The  relations  of  several  of  the  trilobites  to  South  American  forms 
have  been  pointed  out  by  Lake  and  Schwarz,  and  in  the  light  of 
recent  knowledge  the  identical  or  allied  species  are  as  follows : — 

(B.  =  Bolivia ;  Br.  =  Brazil ;  A.  =  Argentina.) 

Phaeop*  nrhutettt Phacop»  ci,  arbuUm.     B. 

/  Oi\  gigantrwty  Ulr.     B. 
PA.  (Ciyphettit)  Cftfer       ...      J  Or.  pailuHa,  Clarke.     Br.,  B. 

(  6'f.  eoiirexM^  Ulr.     B. 

I  Ph.  {Acimte)  devonirun,  Ulr.      B. 
Ph.  a/ncamu         ...         ...      }  Lalmanifes  ffalrn,  Clarlie.     Br. 

(  J),  gonzaganui^  Clarke.     Br. 
Ph.  Cerei    ...         ...         ...         Cr.  qiganteits^  Ulr.     B. 

DahnaniU,,^ I  n' '"'''"■*"•  "ni„,i?*'     i,r    l. 

'^  I  J).  uioPcitrtM^  Cinrko.     Br.,  B. 

Homalonotut  Heneheli      ...         II .  Unbgi^  Clarke.     Br. 

The  relations  of  the  two  South  African  groups  of  PhacopidaB  to  the 
North  American  I).  Boothi  and  D.  anchiops  have  been  above  discusseil. 
Clarke  (8,  pp.  80,  98)  has  remarked  that  the  cephalon  of  D.  galea 
and  Ph.  devanicut,  Ulrich  (9,  p.  21,  t.  i,  tigs.  I4fl,  b,  lo),  have 
a  Silurian  type  of  Phacopid  structure,  and  Lake  also  alludes  to  it,  but 
except  in  the  reduction  of  the  second  pair  of  glabellar  fun-ows  the 
resemblance  is  rather  remote. 

The  affinities  of  the  species  of  ILomalonotus  from  South  Africa  with 
those  of  South  or  North  America  are  not  very  marked,  and  I^ke 
compares  some  of  them  to  European  species  of  Coblcuzian  age. 
According  to  Schwarz,  all  the  Bokkevcld  ITomalonoti  have  a  strong 
family  likeness,  and  they  do  not  seem  allied  closely  to  any  of  the 
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five  species  from  South  America  mentioned  by  Thomas  (10),  except 
to  JI,  Lerhyi^  Clarke.  The  latter  species,  according  to  Katzer 
(15,  p.  21),  has  its  allies  in  the  Silurian  of  NorUi  America.  Haug  (11) 
has  recorded  H.  Herncheli  from  the  central  Sahara,  but  Schwarz 
(2,  p.  387)  says  this  fossil  comes  nearest  to  the  South  African 
H.  agrestis^  and  that  it  reminds  him  more  of  H.  obttuui,  Sandberger, 
from  the  Upper  Lower  Devonian  of  the  Rhine.  A  species  of  Crypham 
has  also  been  recognised  by  Haug  from  the  same  locality. 

No  true  member  of  Fhaeops,  sens,  str.,  is  known  to  be  present  in 
the  Bokkeveld  Beds,  but  in  South  America  a  fossil  from  Bolivia  was 
long  ago  attributed  to  Fh.  latifron$  by  Forbes  (29),  while  Ulrich  (9) 
has  described  from  the  same  region  a  peculiar  type,  Pk,  Dagineourti^ 
with  submarginal  denticulations  to  the  head-shield.  A  form  compared 
with  Ph.  ratMy  Green,  has  also  been  figured  by  Kayser  from  Argentina 
(20,  p.  284).  The  South  African  Typhloni$cu9  Baini  is  unique,  and 
its  true  relations  are  still  somewhat  problematical.  Proeiui  maUeui 
is  not  very  satisfactorily  known. 

{h)  Braehiopoda, 

The  Brachiopoda  are  represented  by  the  following  large  number  of 
species : — 

Lingula  a£F.  derua^  Ilall.  Rh^/nehotpira  ?  cf.  Silveti,  XJhich. 

Z.  8p.,  Reed.  CryptoneUa  Baini,  Sharpe. 

OrbtcuUndea  Baini  (Morr.  &  Sh.).  C7r.  ?  sp.,  Reed  (?  =  Oriskania  narieella^ 

Stropheodonta  cLconeinna  (Morr.  &  Sh.).      Hair&  CI.). 

Slrophoiiella  sp.,  Reed.  Spinfer  antarctteNt,  Morr.  &  Sh. 

Orthotheteg  Sulirani  (Morr.  &  Sh.).  (=  Sp,  Orbignyi,  Reed  =  Sp.  ant- 

Chonttfs  falklandieuSf  Morr.  &  Sh.  aretieut  +  Sp,  (h'bignyi,  Schwan). 

Ch.  cf.  eoruuatuit^  Conr.  Sp,  Ceres,  Reed. 

Ch.  cf.  Arceiy  Ulrioh.  Sp.  ct.  pedronmis,  Hartt  (included  in 

Ch.  aff.  setiger,  Hall.  Sp,  antaretictt*  by  Schwan). 

Or  thin  Rp.  (h),  Reed.  Sp.  sp.  a,  Reed  (included  in  Sp,  antmrciieH$ 

Khyuchonella  (Camarotteehia't)  sp.,  Reed,      by  Schwarz). 

Jiemtgelaha  relicta,  Schwarz  ('r  —  M.  sp.  a,  Sp.'t^.  fi.  Reed. 

Reed).  Ambocalia  umbonata  (Com.). 

li.  cf.  cotijiwntina,  Fuchs.  Jtetzia  cf.  Adnetii,  De  Vem. 

Jt.  hottentot^  Schwarz  (?  Bhynchoepira).  LeptocceliaflabeUitee,  Conr. 

B.  sp.  /3,  Reed.  ScaphioectUa  ?  africana.  Reed. 

B.  r  sp.,  Reed.  Ptychoapira  varieyata,  Reed. 
Truffiia  aflF.  Gaudryi,  Ochl.  Vxtnlina ptutuloea,  Ilall. 

Tr.  \i  Bhynchospira)  eitnphx,  Schwarz.  ?  Tropid^lepttu  earinatut  (Conr.). 

Some  difFcrence  of  opinion  with  regard  to  the  generic  position  and 
specific  relations  of  the  fossils  referred  to  the  genera  IVigeria^ 
Bhyyichospira,  and  Bensselaria  exists  (2)  (5),  but  until  better  preserved 
specimens  are  available  it  does  not  seem  possible  to  settie  the  vexed 
questions.  In  the  case  of  the  Spiriferidse  the  separation  of  some  of 
the  species  is  a  matter  of  opinion,  but  Mr.  J.  Thomas  (10,  p.  261)  and 
Mr.  E.  T.  Newton  (12,  p.  252)  have  recentiy  supported  my  contention 
as  to  the  undesirability  of  separating  tip.  ant^rctieus  and  Sp.  Orhignyi^ 
and  my  attention  has  also  been  called  to  a  previous  paper  by 
Scupin  (13)  on  these  very  species.  Both  Sp,  antaretieui  and 
Sp.  Orbignyi  of  the  Falkland  Islands  are  held  by  him  to  represent 
only  one  variety  of  Hall's  species  Sp,  arrectus,  and  for  this  variety 
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the  name  antarcticus  is  retained.  To  this  yariety  helongs  also  the- 
Bolivian  species  Sp,  Chuquisaca,  TJlrich.  Some  of  the  South  African 
specimens  tig:ured  by  Sharpe  (14,  pi.  xxvi,  figs.  1,  3,  excl.  cet.)  under 
the  names  Sp,  antarcticus  and  Sp,  Orhignyi  are  referred  to  the  typical 
form  of  Sp.  arrectus.  The  species  Sp.  Hatokimi  (Morr.  &  Sh.)  from 
the  Falkland  Islands  is  chosen  to  designate  another  variety  of 
Sp.  arrectus,  to  which  also  Sp.  Vogeli^  V.  AmmoD,  from  Brazil,  is* 
assigned.  According  to  Scupin,  therefore,  the  South  African, 
Brazilian,  Bolivian,  Falkland  Islands,  and,  we  may  add,  Argentine* 
forms  known  under  the  diverse  names  of  Sp.  antarcticus,  Orhignyi, 
Chuquisaea,  and  Vogeli  may  all  be  included  in  the  one  North 
American  species  Sp.  arrectus,  which  is  closely  allied  to  the  European^ 
Sp.  prinueeus. 

In  the  Devonian  beds  of  Tassili  in  the  Sahara,  Haug  (11)  records 
Spirifer  cf.  Rousseaui,  M.  Rouault,  which,  as  he  states,  belongs  to  the> 
same  group. 

The  occurrence  of  Trapidoleptus  carinatus  in  the  Bokkeveld  Beds, 
though  mentioned  ^y  XJlrich  (9),  is  somewhat  doubtful,  no  other 
palflBontologist  having  observed  it. 

{To  be  continued  in  our  next  number,) 


YI. — The  Cheuic^l  Composition  of  Igneous  Rocks  :  A  New  Msthoi> 

OF   OBTAININO   IT. 

By  Arthur  Wade,  F.G.S. 

A  NY  science  which  cannot  express  its  conclusions  by  means  of 
x\.  number  must  still  be  regarded  as  in  its  infancy.  Such  an 
expression  is  the  only  test  of  precision  and  accuracy  of  thought  on 
the  part  of  its  workers,  and  such  important  characters  only  develop^ 
as  in  the  human  mind,  when  the  romance  and  rashness  of  youth  have 
given  place  to  the  more  cautious  and  matter-of-fact  features  of 
maturity.  It  is  therefore  a  sign  of  healthy  development  when  those 
engaged  in  the  study  of  petrology  begin  to  turn  their  attention  towards- 
careful  numerical  calculation  as  a  basis  of  classification. 

This  has  been  done  in  a  very  elaborate  fashion  by  the  authors  of  the 
new  **  Quantitative  Classification  of  the  Igneous  Kocks,'*  *  and  whilst 
reserving  our  opinion  with  regard  to  the  ultimate  value  of  this 
new  American  scheme,  there  is  no  doubt  that  it  emphasises  the 
importance  of  certain  features  which  we  in  Britain  are  apt  to  hold  too 
lightly.  The  most  important  of  these  is  the  absolutely  essential  nature 
of  obtaining  some  fairly  accurate  idea  of  the  chemical  composition  of 
a  rock  before  proceeding  to  assign  to  it  a  position  in  any  rock-group  or 
family.  The  making  of  a  complete  chemical  analysis  of  a  rock  is> 
a   somewhat  tedious  and  delicate  process  requiring  much  technical 

>  Croflfl,  Iddings,  Pirsson,  &  Washington :    *'  QuantitatiTe  Claasification  of  the 
IgnaooB  Bocks  "  ;  Chicago,  1903. 
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■kill,  and  few  petrologiBta  find  themaelvm  able  to  ondertaks  such 
work,  thongta  the  need  for  it  ia  becoming  more  and  more  apparent. 
A  valuable  altematiTe,  however,  remains.  Ifaoy  remarkably  accurate 
and  useful  results  bave  been  obtained  by  the  application  of  the  *  Linear 
Traversing  Method"  of  Rosiwal.  By  this  method  the  percentage 
mineral  composition  of  the  rock  is  obtained.  By  multiplying-  each 
quantity  by  ita  density  and  making  use  of  tlie  known  chemical 
<:ompoHition  of  the  minorala  we  get  a  fairly  accurate  statement  of  tJte 
quantitative  chemical  composition  of  the  rock. 

I  wiah,  however,  to  enggest  a  method  which  will  be  found,  I  hope, 
more  simple,  and  with  a  little  care  equally  effective.  Instead  of  the 
ordinary  eyepiece  witii  single  cross  wires  one  should  be  obtained  fitted 
so  as  to  give  a  square  field.  This  field  should  bo  crossed  by  wirea 
dividing  each  side  of  the  square  into  ten  equal  parts,  and  the  whole 
area  therefore  into  100  equal  divisiona.  In  making  an  examination  of 
any  rock  section  the  percentage  mineral  composition  of  the  pari  of  the 
slide  under  examination  is  eaiiily  found  by  ^mply  counting  the  squares 
occupied  by  the  several  mineral  species  present.  By  taking  a  number 
of  observations  in  different  parts  of  the  same  slide  and  obtaining  an 
average  a  fairly  close  approximation  to  the  actual  chemical  composition 
of  the  rock  from  which  the  section  is  cut  can  be  obtained  by  a  skilful 
observer.  This  average  would,  of  course,  become  more  closely  appr<izi> 
mate  by  considering  more  than  one  section  cut  from  the  same  specimen. 


FieW  o£  Ejepiei 
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Thus  by  means  of  this  simple  arrangement  a  student  should  be 
«xpi>cted,  not  merely  to  identify  the  mineral  constituents  prest^at  in 
a  lock  suction,  and  bo  obtain  a  general  idea  of  its  rclutionships,  but  to 
express  his  conclusions  with  regard  to  both  mineral  constitution  and 
chi'mical  composition  by  ineuns  of  number.  This  would  constitute 
a  renl  stup  in  advance  in  the  study  of  petrology  as  carried  on  ut  present 
in  this  coiintrj-,  and  would  probiibly  lay  the  foundations  for  a  more 
satisfactory  systtjm  of  classifying  the  igneous  rocks  than  the  somewhiU 
hu^y  one  now  in  vogue. 

.   An»t.,   Ti>l.    luii   (1S9B),  or 
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A&BHEirius'  Thsobt  of  tee  Physical  Causes  of  Yulcakicity.*  B7 
K.  H.  Rastall,  M.A.,  P.G.S.,  Fellow  of  Christ's  College, 
Cambridge. 

[NtU. — As  this  paper  in  its  orinnal  fonn  is  very  inaccessible  to  most  readers,  its 
impartanoe  has  perhaps  scarcely  been  appreciated  in  this  country ;  the  follo¥nng 
short  abstract  has  been  made  at  the  suggestion  of  Professor  Bonney,  in  the  hope  that 
it  may  he  of  use  to  students  of  geology  and  others.] 

(1)  Hie  Condition  of  the  EartK%  Interior. 

THE  conclusions  of  astronomers  and  physicists  are  irreconcilable 
with  the  hypothesis  of  the  existence  of  any  considerable  amount 
of  matter  in  the  liquid  form  in  the  interior  of  the  earth.  This  idea 
rests  for  the  most  part  on  a  misconception  of  the  physical  properties 
of  matter  under  the  enormously  high  pressures  which  prevail  at  great 
depths.  Nearly  all  known  substances,  with  the  notable  exception  of 
water,  contract  in  volume  on  solidifying,  and  in  consequence  their 
melting-point  is  raised  by  pressure.  The  investigations,  however,  of 
Damien,  Bams,  and  especially  of  Tammann,  have  shown  that  at  very 
high  pressures  this  relation  no  longer  holds.  Tammann  found  that 
the  maximum  melting-point  of  dimethylethyl-carbinol  is  reached 
under  a  pressure  of  4,750  atmospheres,  and  at  higher  pressures  the 
melting-point  falls ;  it  seems  probable  that  other  substances  would 
behave  in  a  similar  manner  under  similar  conditions.  Hence  it  appears 
that  at  great  depths  the  constituents  of  the  globe  must  be  in  reality  in 
the  gaseous  state,  since  pressure  cannot  keep  them  solid  or  even  liquid 
by  raising  the  melting-point.  But  the  physical  properties  of  gases 
under  such  conditions  must  be  very  unlike  those  with  which  we  are 
acquainted.  The  true  difference  between  a  liquid,  a  solid,  and  a  gas 
lies  in  the  rate  at  which  they  respectively  undergo  deformation  under 
stress.  The  necessary  physical  constants  have  been  determined  by 
Keinganum  in  the  case  of  isopentune  at  the  highest  attainable 
pressures,  and  from  these  it  is  calculated  by  extrapolation  that  at 
a  depth  of  1,000  kilometres  the  compressibility  of  gageous  isopentane 
must  be  about  equal  to  that  of  steel.  The  temperature  in  this  case 
must  be  far  above  the  critical  point,  and  the  material  is  actually 
gaseous,  though  its  physical  properties  resemble  those  which  are 
commonly  associated  with  the  idea  of  a  solid.  Rock- magma  under 
similar  conditions  would  undoubtedly  possess  a  still  lower  com- 
pressibility. 

Assuming  the  temperature-gradient  to  be  3°  C.  per  100  metres,  the 
melting-point  of  most  rocks,  about  1,200^  C.  is  attained  at  a  depth  of 
about  40  kilometres,  while  below  this  lies  a  li(}uid  zone.  At  a  still 
greater  depth  the  critical  point  is  passed,  and  the  magma  is  in  the 
gaseous  state,  though  intensely  rigid.  From  the  high  density  of 
the  earth  as  a  whole,  compared  with  that  of  the  visible  portion,  it 
appears  that  the  inner  nucleus  consists  of  some  metallic  substance, 

^  Arrhenins,  "  Zur  Physik  des  Vulcanii^mus  *' :  Geologiska  Foreningens  i  Stockholm 
Porfaandlmgar,  Band  zxii  (1900),  p.  395. 
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probably  iron.  From  the  known  data  it  is  easy  to  calculate  that  about 
80  per  cent,  of  the  earth's  diameter  must  bo  occupied  by  gaseous  iron, 
15  per  cent,  by  gaseous  rock-magma,  and  4  per  cent,  by  liquid 
jnagma  ;  the  rest,  less  than  1  per  cent.,  forms  the  solid  crust. 

These  theoretical  conclusions  are  supported  by  the  results  of  earth- 
quake observations.  The  seismograph  record  of  a  distant  earthquake 
shock  shows  a  clear  division  into  two  phases,  viz.  preliminary  tremors 
and  the  principal  shock.  The  explanation  of  tlus  fact  is,  as  Milne 
pointed  out,  that  the  principal  shock  is  propagated  along  the  crust, 
while  the  preliminary  tremors  travel  along  the  chord  of  the  arc. 
Since  these  latter  are  much  diminished  in  intensity,  it  follows  that 
the  internal  friction  of  the  material  of  the  inner  parts  of  the  globe 
must  be  very  great,  which  is  in  harmony  with  the  assumption  of 
a  liquid  or  gaseous  condition  rather  than  with  the  solid  state. 

(2)   Volcanic  Phenomena, 

It  is  unnecessary  to  prove  in  detail  that  in  all  volcanic  eruptions 
•great  quantities  of  gases,  and  in  particular  water-vapour,  are  given 
off,  and  the  pressure  of  this  gaseous  water  at  a  temperature  above  its 
•critical  point  is  undoubtedly  the  chief  motive-power  of  the  eruption. 
Each  explosion  relieves  the  pressure  for  the  time  being,  but  the 
Irequent  recurrence  of  eruptions  from  the  same  vent  shows  that 
further  supplies  of  water  must  by  some  means  reach  the  magma,  and 
this  in  spite  of  enormous  counter-pressure.  The  ocean-floor,  with  its 
capillaries,  may  be  supposed  to  act  as  a  semi-permeable  membrane, 
through  which  the  water  penetrates  by  osmotic  pressure.  Assuming 
the  density  of  the  magma  to  be  about  2*7,  it  can  easily  be  calculated 
that  in  order  to  overcome  the  pressure  of  the  overlying  column  of 
rock  the  osmotic  pressure  at  a  depth  of  10,000  metres  must  be  about 
1,700  atmospheres,  and  this  in  itself  is  not  inconceivable.  But  since 
the  dissolved  constituents  of  the  magma  show  this  high  osmotic 
pressure  they  must  enter  into  chemical  combination  with  the  water. 

According  to  Thomson's  measurements  water  at  the  ordinary 
temperature  is  a  very  weak  acid,  about  100  times  weaker  than 
silicic  acid,  but  on  raising  the  temperature  these  relations  no  longer 
hold.  While  silicic  acid,  which  has  a  heat  of  neutralization  equal  to 
those  of  nitric  and  hydrochloric  acids,  does  not  change  its  strength 
notably,  the  case  is  ver}-  different  with  water.  From  the  data  with 
rep;ard  to  the  behaviour  of  water  between  0°  and  60°,  it  can  be 
■calculated  by  a  well-known  extrapolation  formula  that  at  300°  water 
and  silicic  acid  are  equally  strong,  at  1,000°  water  is  80  times,  and  at 
2,000°  300  times  as  strong  as  silicic  acid.  It  is  true  that  this  result 
is  obtained  purely  by  extrapolation,  but  it  is  of  no  practical  im- 
portance whether  water  is  300  times  or  only  100  times  as  strong  as 
silicic  acid,  so  long  as  it  is  distinctly  the  stronger,  and  this  the 
calculation  shows  with  certainty. 

(3)  2'he  Chemical  and  Physical  Action  of  Water  on  the  Magma, 

Let  us  now  suppose  water  to  be  in  contact  through  a  semi- 
permeable membrane  (the  sea-floor),  with  a  magma  between  1,000° 
and  2,000°  C.  Water  penetrates  into  the  magma  by  osmosis  and  acts 
as  a  relatively  powei'ful  acid  on  the  silicates,  by  which  means  silicic 
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acid  and  bases  are  set  free.  These  combine  with  more  magma,  and 
form  acid  and  basic  silicates.  Further  addition  of  water  then  sets  up 
new  decompositions,  but  some  water  always  remains  free  in  the 
magma,  although  on  account  of  its  rclatiyelv  small  amount  it  has 
a  very  low  vapour-pressure,  in  accordance  with  Raoult's  law.  Tho 
process  can  go  on  till  a  great  part  of  the  magma  is  decomposed.  The 
magma  must  also  increase  in  volume  on  taking  up  water,  by  very 
nearly  the  volume  of  the  water  absorbed. 

The  swollen  magma,  which  hns  also  become  more  fluid,  exerts 
pressure  on  all  sides,  and  the  column  rises  still  ^further  in  the  vent 
which  is  in  connection  with  the  magma-basin.  On  rising,  the  magma 
is  cooled  in  the  narrow  vent,  the  water  continuouslv  becomes  a 
weaker  acid,  and  is  displaced  by  silicic  acid  from  the  hydrates ;  the 
pressure  of  the  aqueous  vapour  rises  in  spite  of  the  fall  of 
temperature,  and  if  the  watery  layer  comes  near  enough  to  the 
surface,  and  therefore  under  sufficiently  low  external  pressure,  steam 
explosions  will  occur. 

According  to  this  theory  a  volcano  acts  very  like  a  geyser.  As  the 
water  rises  in  a  geyser,  so  it  does  in  a  volcano,  though  in  this  case  it 
is  mostly  in  chemical  combination  with  the  magma.  At  great  depths, 
and  therefore  under  high  pressures,  the  water  in  the  geyser  and  the 
watery  magma  in  the  volcanic  vent  are  under  higher  pressures  than 
those  corresponding  to  the  maximum  tension  of  the  water- vapour,  and 
no  explosion  is  possible.  When  a  magma  enters  tho  vent  of  the 
volcano  and  rises  in  it,  it  at  last  reaches  a  point  where,  on  account  of 
separation  of  water  from  the  magma  through  cooling,  the  pressure  of 
the  water-vapour  exceeds  the  external  pressure.  Then  an  explosion 
occurs,  blowing  a  passage  through  the  overlying  layers,  and  thus 
leading  to  renewed  explosions  by  relief  of  pressure.  This  goes  on  till 
so  mucb  water  has  separated  from  the  magma  that  the  remainder  cannot 
overcome  the  external  pressure.  Then  ensues  a  period  of  temporary 
quiescence,  with  slow  loss  of  water- vapour  by  diffusion,  until  after 
a  sufficient  lapse  of  time  so  much  water  penetrates  into  the  magma- 
basin  that  the  process  begins  anew. 
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1.  The  Geology  op  Falmouth  and  Trueo  and  of  the  Mining  District 

of  Camborne  and  Redruth.  By  J.  B.  Hill,  11. N.,  and  D.  A. 
MacAlister,  A.R.S.M.,  F.G.S.  ;  with  Petrological  Notes  by 
J.  S.  Flett,  M.B.,  D.Sc.  8vo,  cloth;  pp.  x  and  336,  24  plates. 
Pages  1-112  form  Part  I,  Geology;  pp.  113-314  foi-m  Part  II, 
Mining;  pp.  315-324  are  Bibliography;  and  pp.  325-335,  Index. 
Price  Is,  6d. ;  in  explanation  of  colour-piinted  map.  Sheet  352, 
Is.  6d,     (E.  Stanford:  London,  1906.) 

2.  The  Geology  of  the  Country  near  Newquay.  By  Clement  Reid, 
F.R.S.,  F.L.S.,  F.G.S.,  and  J.  B.  Scrivenor,  M.A.,  F.G.S. ;  with 
contributions  by  J.  S.  Flett,  M.A.,  D.Sc,  W.  Pollard,   M.A., 
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D.Sc,  and  D.  A.  MacAusteb,  A.R.S.M.  1906,  price  3«.,  9^  inches 
by  6  inches;  pp.  iv+  131,  with  6  plates  (photographic  process) 
and  23  figures.  Pages  1-90  are  devoted  to  Geology  ;  pp.  91-119 
form  Appendix  I,  Mines;  pp.  120-122  form  Appendix  II, 
Bibliography;  pp.  123-131,  Index.     In  explanation  of  Sheet  346. 

AMONG  the  recent  publications  of  the  Geological  Survey  are  Sheets 
346  (Newquay)  and  352  (Falmouth)  of  the  New  Series  of  one 
inch  to  one  mile  (e^i^Tj)  colour-printed  maps  of  England  and  Wales, 
both  dated  1906,  price  Is,  6d.  each.  The  area  comprised  in  Sheet  352 
extends  from  Gerrans  Bay  on  the  east  to  (and  inclusive  of)  Camborne 
on  the  west,  from  Porthtowan  on  the  north  to  Falmouth  Bay  on  the 
south.  The  formations  represented  are  in  ascending  order.  I.  The 
Mylor  Series;  in  the  south-west  of  the  map  it  occupies  almost  two- 
thirds  of  the  area  represented,  if  we  disregard  the  great  granite 
masses  intrusive  in  it.  The  Mylor  Series  encloses  the  various  green- 
stones, the  greater  portion  of  the  elvan  dykes,  and,  in  conjunction 
with  the  granites,  almost  the  whole  of  the  mineral  lodes.  II.  The 
Falmouth  Series  occurs  in  several  minor  and  three  considerable  areas — 
(1)  between  Perth towan  and Beskajeage  Downs;  (2)  between  St.  Day 
and  Truro  ;  (3)  on  the  coast  of  Falmouth  Bay.  III.  The  Porthecatho 
Scries  occupies  a  large  area  in  the  east  and  extends  in  a  mile-wide 
band  along  the  north  of  the  area.  IV.  The  Veryan  Series  is  restricted 
on  the  map  to  a  triangular  tract  of  about  half  a  square  mile  on 
Gerrans  Bay. 

In  the  legend  of  the  map  the  preceding  formations  are  merely 
bracketed  together  as  Lower  Palaeozoic,  but  in  the  corresponding 
memoir  they,  together  with  the  Lower  Devonian  Grampound  Beds, 
which  form  a  mile-wide  strip  along  the  northern  margin  of  the  map 
area,  are  grouped  together  as  Killas,  viz.  slate  deposits. 

A  deposit  of  quartz  gravel,  occupying  an  area  less  than  half  a  mile 
in  length  and  about  a  quarter  of  a  mile  in  breadth,  occurs  near 
Polcrebo,  in  the  heart  of  the  gi*anito  district,  and  is  mapped  as 
Pliocene.  ** Raised  Beaches,  Head,  Alluvium,  and  Blown  Sand" 
complete  the  list  of  sedimentary  formations.  Perhaps  the  most 
interesting  feature  of  the  map  is  the  rudely  circular  Cammenellis  boss 
of  muscovite-biotite  granite,  about  9  miles  in  diameter,  which  occupies 
the  south-west  of  the  map.  Like  the  two  smaller  adjacent  granite 
masses  of  Cam  Brea  and  Cam  Marth,  it  is  surrounded  by  an  aureole  of 
metamorphism.  Intrusions  of  greenstone  (largely  referable  to  the 
group  of  epidiorites),  elvan,  or  quartz-porphyry  dykes,  the  latter 
generally  trending  about  east-north-east  (like  the  mineral  lodes),  and 
mica  traps  or  mincttes  are  also  shown.  The  numerous  mineral  lodes 
of  the  area  are  almost  entirely  confined  to  the  western  district,  and  are 
mainly  restricted  to  the  neighbourhood  of  the  granite,  but  continue  to 
occur  for  a  distance  of  4  miles  eastward  of  the  granite. 

A  section  below  the  map  shows  the  structure  of  the  country  along 
a  line  from  west-north-west  to  east-south-east,  from  Beskajeage  Downs 
through  Dolcoath  Mine,  Cam  Brea,  and  Cammenellis  granite  to 
Falmouth  and  Pendennis  Point. 

Sheet  346  (Newquay)  shows  the  country  immediately  to  north  of 
that  represented  in  Sheet  352,  and  includes  Watergate  Bay,  Newquay, 
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Perranpoi-th,  and  St.  Agnes.     About  half  the  area  represented  is  sea. 
In  ascending  order  the  formations  shown  are:  (I)  Dartmouth  Beds 
(Lower   Old   Ked  Sandstone),  purple  and   green  tine -grained  sandy 
micaceous  shales  or  slates,  with  occasional  bands  of  grit,  and  containing 
fish-rcniains  {Fieraspis  carnubtcuSy  etc.).     They  occur  in  a  faulted  and 
much  broken  anticline  wliich  has  its  crest  in  Watergate   Bay  and 
measures  4 J  miles  from  east  to  west  by  2  miles  from  north  to  south. 
(2)  Lower  Devonian  Meadfoot  Beds,  which  occupy  about  one-half  of 
the  land  area  shown,  chiefly  to  south,  but  also  in  a  narrow  band  to 
north  of  the  Dartmouth  Beds.     The  Meadfoot  Beds  consist  of  shales, 
slates,  and  thin  limestones,  and  seem  to  rest  quite  conformably  on 
and  to    pass  gradually  down  into  the  Dartmouth  Beds.     (3)  Lower 
Devonian  Staddon  Grits  on  the  north,  Ladock  Beds  (basal  Devonian) 
on  the  south.     These  consist  of  silts,  sandy  slates,  sandstones,  and 
coarse  grits.     The  Staddon  Grits  (so  far  as  shown)  occupy  an  area 
3^  miles  from  east  to  west  by  1^  from  north  to  south  in  the  north-east 
comer  of  the  map.     They  strike  east-south-east,  and  this  strike  if 
prolonged  would  make  them  meet  and  be  continuous  with  the  similar 
grits  of  Ladock  on  the  south  side  of  the  anticlinal  axis  (of  Dartmouth 
Beds  and  Meadfoot  Beds).     The  continuity,  however,  is  broken  by  the 
intrusion  of  the  St.  Austell  granite  (not  in  map),  so  the  southern  area 
is  treated  separately.      The  Ladock  Beds  are  continuous   with  the 
Grampound  Beds  of  Sheet  352,  and  occupy  an  area  13^  miles  from  east 
to  west  by  4^  miles  from  north  to  south  at  the  south  of  the  map  346. 
Pliocene  beds  termed  St.  Agnes  Sands  and  consisting  of  unfossilifcrous 
sands  and  clays,  forming  an  old  shore-deposit,  almost  sun^ound  St.  Agnes 
Beacon  near  the  south-west  coastline.     They  cover  a  crescentic  area 
1 J  miles  long  along  the  curve  by  J  mile  broad.     Raised  Beach  deposits. 
Valley  Gravel  and  Head,  Alluvium  and  Submerged  Forest,  and  Blown 
Sand  are  the  remaining   deposits   shown.      Granite   occurs   west   of 
St.   Agnes  Beacon  and  at  Cligga  Head,   and  is  surrounded  in  each 
case  by  an  aureole  of  metamoi'phism.     Elvans  or  quartz  poi'phyries, 
lamprophyres  or  mica  traps,  and  greenstones  are  shown. 

A  section  below  the  map  shows  the  structure  of  the  country 
between  Denzell  Downs  on  the  north-east  cutting  across  the  anti- 
cline of  Devonian  rocks,  by  Perranporth  to  St.  Agnes  Beacon  on  the 
south-west.  B.  Hobson. 


IL — Memoirs  of  the  Geological  Survey,  England  and  Wales. 
ExPLJLSATiOK  OF  Sheet  311:  The  GEOLOor  of  the  Country  between 
Wellington  asd  Chard.  By  W.  A.  E.  Ussher,  F.G.S.  ;  with 
contributions  by  H.  B.  Woodward,  F.R.S.,  and  A.  J.  Jdkes-Browne, 
B.A.,  F.G.S.  8vo;  pp.  vi  and  68.  Price  U.  3</. ;  colour-printed 
map,  Is.  6d,  E.  Stanford,  12-14,  Long  Acre,  London,  1906. 
(Issued  February,  1907.) 

rpHE  Geological  Survey  have  issued  (price  Is.  6d.)  Sheet  311 
X  (Wellington)  of  the  New  Series  of  one  inch  to  one  mile  (1^-5 i^^j) 
colour-printed  maps  of  England  and  Wales.  The  area  comprised  in 
the  map  includes  the  southern  suburbs  of  Taunton  at  the  northern 
margin,  Uminster  close  to  the  eastern  border,  Chard  3  J  miles  from  the 
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south-east  corner,  Wellington  4  miles  from  the  north-west  comer. 
The  original  one  inch  Geological  Survey  map,  Sheet  21,  was 
puhlished  prohahly  in  1833.  The  area  was  resurveved  on  the  one 
inch  Old  Series  map  hctween  1870  and  1876,  and  the  geology  was 
transferred  to  the  New  Series  map,  with  additions  hy  Mr.  A.  J.  Jukes- 
Browne,  in  1892.  The  colour-printed  edition  is  dated  1906.  The 
principal  additions  to  the  map,  which  includes  the  famous  Greensavid 
area  of  the  Blackdown  Hills,  are  in  the  suhdivisions  of  the  New  Red 
rocks  and  the  insertion  of  the  Rhsetic  Beds  and  superficial  deposits. 
A  section  helow  the  map  shows  the  structure  of  the  country  along 
a  line  from  north-west  to  south-east  from  Kittisford  (near  Wellington) 
through  Church  Stanton  to  Tatworth  (near  Chard). 

The  memoir  explanatory  of  the  map  is  entitled  Explanation  of 
Sheet  311 :  "The  Geology  of  the  Country  between  Wellington  and 
Chard,"  by  W.  A.  E.  TJssher,  F.G.S.  1906.  pp.  vi-f  68,  with 
1 1  figures,  price  1$.  Sd.  The  strata  described  include  a  very  small  area 
of  Devonian  (Pilton  Beds)  and  Lower  Culm  Measures,  a  large  area  of 
New  Red  Sandstone  with  a  narrow  outcrop  of  Rheetic.  a  large  spread 
of  Lias  and  Cretaceous,  the  latter  largely  covered  by  Plateau  deposits 
(Clay  with  Flints,  etc.).  Between  the  five  members  of  the  New  Red 
Scries  no  signs  of  discordance  have  been  found.  The  Lower  Sand$«tone 
and  Breccia  (Permian^  exhibit  a  passage  series  into  the  overlying 
Lower  Marb  north  of  the  Tone  Valley,  comparable  to  that  in  the 
South  Devon  coast  section,  but  which  has  not  been  detected  in  the 
intervening  area.  The  Pebble  Beds  show  a  passage  of  unconsolidated 
pebbly  sands  into  hard  conglomerate  in  the  vicinity  of  Thorn 
St.  Margaret.  A  chapter  is  devoted  to  Economic  Geology.  In  an 
appendix  a  list  (of  thirty  items)  includes  the  titles  of  the  principal 
works  on  the  geology  of  the  district,  and  four  complete  pages  are 
devoted  to  an  index.  B.  Hobsox. 


III. — Nkw  Geological  Sukvet  Drift-Maps,  etc. 

rilHE  Geological  Survey  are  issuing  a  Drift  edition  of  the  4  miles  to 
_L  1  inch  Map  of  England  and  Wales.  The  sheets  published  (dated 
1906)  are  No.  8,  comprising  the  East  Coast  of  England  from  Filey 
Bay  to  Saltfleet  in  Lincolnshire  (most  of  the  map  represents  the  North 
Sea),  and  No.  12  (the  sheet  immediately  to  south  of  No.  8),  comprising 
a  large  part  of  Lincolnshii-e,  the  Wash,  and  Norfolk  (Lowestoft  Nortli 
station  and  Peterborough  being  included).  The  superficial  deposits 
shown  include,  under  ** Drift,"  loam,  sand  and  gravel,  boulder-clay; 
and  under  **  Recent  and  Post-Glacial,"  valley  gravel,  loam,  alluvium, 
and  blown  sand. 

As  compared  with  the  Solid  Geology  edition,  these  maps  show 
several  improvements — the  railway  stations  are  marked,  many  altitudes 
are  given,  more  topographical  detail  is  shown,  and  it  is  brought  more 
nearly  up  to  date  ;  the  colour-printing  is  excellent.  There  is  only 
one  point  that  the  purchaser  is  likely  to  find  fault  with,  and  that 
is  the  price  of  the  maps.  The  sheets  only  measure  15  inches  by 
22.J  inches  over  the  topographical  work,  whereas  the  Solid  Geology 
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sheets  measare  22  by  30  inches  over  the  work,  that  is,  they  are  twice 
the  size.     In  each  case  the  price  per  sheet  is  2s,  6d. 

Another  new  map  issued  by  the  Survey  is  Sheet  341  (West  Fleet) 
of  the  New  Series  (colour-printed),  1  inch  to  1  mile  Map  of  England 
and  Wales.  It  comprises  a  very  small  triangular  bit  (about  15  square 
miles)  of  Dorsetshire,  including  part  of  the  Chesil  iBank,  and  shows 
Oolitic  rocks,  from  the  Fuller's  Earth  to  the  Portland  Sand,  Pleistocene 
Plateau  Gravel,  Recent  and  Post-Glacial  Valley  Gravel,  Alluvium, 
and  Shingle,  price  of  map  Is.  6d.  (dated  1905).  B.  Hobson. 


Geolooical  Socirtt  of  London. 

L— February  6th,  1907.--J.  E.  Marr,  Sc.D.,  F.R.S.,  Vice-President, 

in  the  Chair. 

The  following  communications  were  read : — 

1.  "Note  on  the  Cervical  Vertebra  of  Z$uglodon  from  the  Barton 
Clay  of  Barton  Cliff  (Hampshire)."  By  Charles  William  Andrews, 
B.A.,  D.Sc.,  F.Br.S.,  F.G.S. 

The  author  gives  a  brief  description  of  a  cervical  vertebra  from  the 
Barton  Clay  of  Barton  Cliff.  It  is  referred  provisionally  to  Zeuglod<m 
Wignklgni,  a  species  described  in  1876  by  Professor  H.  G.  Seeley. 
The  skull  on  which  this  description  was  founded  is  totally  lost,  so  that 
this  vertebra  is  the  only  bone  of  a  Zeuglodon  from  the  Barton  Clay, 
and.  with  the  possible  exception  of  a  vertebra  from  the  Brockenhurat 
Beds  (which  is  the  type  of  Balanoptera  Juddi),  the  only  one  found  in 
the  British  Isles  that  now  exists. 

2.  "The  Origin  and  Age  of  the  Plateaus  around  Torquay."  By 
Alfred  John  Jukes-Browne,  B.A.,  F.G.S. 

The  existence  of  high-level  plains  or  plateaus  near  Torquay  has 
long  been  known,  but  since  Pengelly's  time  little  attention  seems  to 
have  been  paid  to  them.  Pengelly  believed  that  there  were  several 
such  plains  at  different  levels,  and  thought  that  the  time  of  their 
production  was  not  very  remote.  On  examination,  however,  his 
evidence  breaks  down,  and  the  author  regards  the  plateaus  as  portions 
of  one  inclined  plane. 

The  plateau-area  has  an  extent  of  about  three  miles  in  length  from 
north  to  south,  and  about  two  in  width.  Its  highest  level  is  found  at 
the  foot  of  the  ridge  which  forms  the  watershecl  between  Torbay  and 
the  estuary  of  the  Teign.  From  the  foot  of  this  a  platform  stretclies 
southward  on  each  side  of  Barton  at  a  level  of  from  350  to  340  feet ; 
south  of  this  is  the  flat  summit  of  Lummaton  Hill  (aLso  about 
340  feet);  and  about  a  mile  farther  south  are  the  flat-topped  hills 
known  as  Yaddon  and  Daison  Hills,  both  about  320  feet,  and  only 
separated  by  a  narrow  gorge  cut  by  the  little  stream  which  flows  from 
Barton  to  Torquay. 

Kai»t  of  these  hills  we  find  a  plateau- area  extending  continuously 
through  St.  Mary6hurch  and  Babbacombc,  for  a  distance  of  a  mile  and 
a  half  and  an  average  width  of  half  a  mile,  but  cut  off  abruptly  along 
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the  coastline.  The  northern  end  of  this  plateau  is  ahout  330  feet 
above  Ordnance  datum,  but  it  slopes  gradually  southward,  till  on 
Walls  Hill  its  highest  part  is  only  267  feet. 

On  the  west  of  Torquay  the  old  plain  has  been  so  dissected  by 
streams,  and  so  lowered  by  detritive  agencies,  that  it  is  almost 
destroyed.  Remnants,  however,  remain  in  Waldon  Hill  (200  feet), 
Stentiford  Hill  (230  feet),  and  Daddy  Hole  Plain  (about  200  feet). 

The  central  hills  of  Torquay,  which  are  known  as  Warberry  Hill 
and  Lincombe  Hill,  rise  to  much  greater  heights  (440  and  400  feet), 
and  stand  up  as  conspicuous  eminences  above  the  level  of  the 
suiTounding  plateau. 

The  evidence  as  to  the  age  of  the  planation  is  next  considered.  It 
is  proved  to  be  post-Permian  by  the  fact  that  Permian  breccia  forms 
part  of  the  plateau-surface  at  8t.  Marychurch.  It  is  also  probably 
post-Cretaceous,  because  Cretaceous  planation  is  not  likely  to  have 
removed  all  the  Permian.  Its  present  dissected  condition  shows  that 
it  is  older  than  the  Pleistocene,  and  consequently  an  Eocene  date 
would  agree  with  local  evidence. 

The  author  accepts  the  Eocene  age  of  the  Haldon  gravels  and  of  the 
Bovey  deposits,  and  adduces  evidence  for  a  connection  between  the 
Haldon  plateau  and  the  Bovey  basin  on  the  one  hand,  and  between 
the  AUer  basin  and  the  Torquay  plateau -area  on  the  other.  He 
regards  the  Bovey  basin  as  a  locally  deep  depression  along  a  line  of 
Miocene  deflexion  which  crosses  Devon  from  north-west  to  south-east, 
and  believes  the  plateau-area  near  Torquay  to  be  the  flattened-out 
extension  of  this  flexure.  He  thus  considers  the  plateau  to  be  part  of 
the  basal  plain  on  which  the  Eocene  deposits  lie,  and  infers  that  these 
deposits  passed  directly  out  of  the  Aller  basin  on  to  this  plateau, 
burying  it  to  a  depth  of  several  hundred  feet. 

Thus  it  was  on  the  surface  of  the  Eocene  deposits  that  the  existing 
system  of  drainage  was  established. 

The  Brixham  plateau,  south  of  Torbay,  presents  similar  features 
and  appears  to  be  of  the  same  age,  but  in  its  case  the  drainage  is 
northward  from  higher  ground  to  the  south.  This  plateau  can  be 
traced  westward  through  Cliurston  and  Galmpton  to  Stoke  Gabriel, 
where  there  is  high  ground  both  to  the  north  and  south  of  it.  It  is 
inferred  that  this  plateau  is  the  site  of  a  second  shallow  flexure,  the 
axis  of  which  ran  neaiiy  west  and  east,  so  as  to  meet  and  merge  into 
the  other  line  of  flexure  outside  the  entrance  of  Torbay.  Incidentally 
this  would  explain  the  formation  of  Torbay. 


11.— Februarj^  15th,   1907. —Sir  Archibald  Geikie,  Sc.D.,  D.C.L., 

LL.D.,  Sec.  R.S.,  President,  in  the  Chair. 

Annual  General  Meeting, 

The  Reports  of  the  Council  and  of  the  Library  and  Museum 
Committee  for  the  year  1906  were  read. 

The  Ileports  having  boon  received,  the  President  presented  the 
Wollaston  Medal  to  Prof.  William  Johnson  Sollas,  F.R.S.,  addressing 
him  as  follows  : — 
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Professor  Sollas, — The  Council  of  the  Geological  Society  has  this  year  awarded 
the  Wollaston  Medal  to  you  in  recogaition  of  the  value  of  your  varied  and  prolonged 
contribution  to  the  development  of  Geology.  There  is  hardly  a  department  of  our 
science  into  which  you  have  not  carried  the  light  and  impulse  of  your  brilliant  and 
rersatile  genius.  You  have  united  in  no  ordinary  way  the  qualifications  of  an 
accomplished  petrographer,  an  excellent  paleeontologist,  an  able  stratigrapher,  and 
a  philosophical  mineralogist,  and  to  this  wide  range  of  accomplishment  you  have 
added  an  originality  and  inventiveness  which  have  introduced  notable  improvements 
into  the  processes  of  research.  I  regard  it  as  of  special  honour  and  pleasure  that  it 
has  fallen  to  me  to  be  the  medium  of  presenting  this  medal  to  you.  You  have  long 
been  one  of  my  most  esteemed  fnenos,  and  I  trust  that  I  may  be  allowed,  even  in 
this  public  place,  to  add  my  own  personal  felicitations  to  those  of,  I  am  sure,  all  the 
Fellows  of  the  Society  that  the  highest  honour  which  we  have  to  bestow  should  now 
be  conferred  upon  you. 

If  the  award  is  a  recognition  of  past  services  in  the  cause  of  our  beloved  science, 
you  will,  we  hope,  accept  it  as  no  less  an  augury  that  we  look  forward  with 
confidence  to  much  fresh  work  from  your  hands  in  the  future.  We  hope  to  see 
a  flourishing  School  of  Geology  growing  up  at  Oxford  under  your  fostering  care,  and 
to  welcome  from  you  in  the  years  to  come  many  memoirs  not  less  suggestive  and 
important  than  those  with  which  you  have  already  enriched  the  literature  of  geology. 

Professor  Sol  las,  in  reply,  said  : — 

Mr.  President, — I  deeply  appreciate  the  honour  conferred  upon  me  by  the  Council, 
and  if  by  any  means  I  could  be  reconciled  to  the  sense  of  my  own  insignificance, 
awakened  by  the  recollection  of  the  many  illustrious  names  that  have  preceded  me 
in  this  place  before  the  President's  chair,  it  would  be  by  your  kind,  I  fear  too  kind, 
words,  and  the  favour  with  which  they  have  been  received  by  the  Fellows  of  this 
*  Society. 

It  is  by  no  merit  of  mine  that  I  am  a  lover,  an  ardent  lover,  of  ^ology,  for  I  feel, 
perhaps  with  a  lover's  partiality,  that  our  gracious  mistress,  bountiful  as  she  is  fair, 
requires  only  to  be  seen  as  she  truly  is  to  captivate  at  once  all  hearts.  I  have 
found  in  her  service  a  perpetual  delight,  and  if  your  kind  wishes  should  be  fulfilled 
shall  ever  continue  to  do  so,  for  she  repays  our  constancy  with  a  variety  that  never 
stales. 

I  know  how  close  is  the  interest  taken  by  you,  Sir,  in  the  cause  of  Geology  at 
Oxford  ;  it  has  been  a  frequent  source  ot'  encouragement  to  me,  and  the  hope  you 
now  express  is  that  which  lies  nearest  to  my  own  heart.  As  a  teacher  I  increasingly 
fwl  with  advancing  years  how  great  is  my  debt  to  ray  masterfl,  Huxley,  Ramsay, 
Bonnev,  and,  Sir,  yourself,  for  I  have  been  a  diligent  student  of  your  teaching  ever 
since  the  appearance  of  •*  The  Scenery  of  Scotland  '*  in  I860.  But  to  you.  Sir,  and 
to  my  revered  tutor,  I  am  indebted  not  only  for  direct  instruction,  but  for  the  li«^ht 
of  example,  the  privilege  and  stimulus  of  friendship,  and  indeed  for  those  very 
opportunities  by  which  I  stand  here  to-day.  I  count  it,  therefore,  not  the  least  of 
my  good  fortune  that  I  receive  the  Wollaston  Medal  from  your  hands. 

The  President  then  presented  the  Murchison  Medal  to  Mr.  Alfred 
Harker,  F.R.S.,  addressing  him  in  the  following  words  : — 

Mr.  Harker, — The  Murchison  Medal  has  been  assigned  to  you  as  a  testimony  of 
the  Couucil's  appreciation  of  the  importance  of  your  contributions  to  Petrographical 
and  Structural  Geology.  You  had  already  distinguished  yourself  by  your  studies  in 
cleavage,  by  the  zeal  and  success  with  which  vou  had  thrown  yourself  into  the 
pursuit  oi  petrographical  research  along  thoso  modern  paths  in  which  this  department 
of  our  science  has  been  so  transformed  and  enlarged,  and  lastly  by  the  skill  which 
you  had  shown  in  the  field  investigation  of  the  ancient  igneous  rocks  of  North  Wales 
and  of  part  of  the  Lake  District.  With  this  reputation  already  established  and 
yearly  growing,  you  were  induced,  at  mv  request,  to  enter  the  Geolo;;ical  Survey. 
Although  the  circumstances  under  whicli  you  joined  that  service  formed  a  new 
departure  in  its  usages,  I  have  always  felt  that  on  no  part  of  ray  lonor  connection 
with  the  Survey  could  I  look  back  with  more  satisfaction  than  on  the  arrangements 
which  enabled  us  to  secure  your  services.  You  speedily  acquired  the  skill  of 
a  practised  surveyor,  and  among  the  hills  of  Skye  and  Uura  you  had  an  opportunity 
of^mapping  tome  of  the  most  complicated  and  deeply  interesting  pieces  of  volcanic 
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geology  in  this  oountrT.  Hanag  liad  from  time  to  time  opportoiiitiaB  of  Tiiitiiig  yoa 
on  the  grouid,  I  can  Dear  witness  both  to  the  bodily  Tigour  and  endurance  and  to 
the  geological  enthusiasm  and  insight  with  which  you  dimbed  crags  and  peaks  on 
which  no  geologist  had  set  foot  before  you.  The  maps  and  memoirs  which  you  hata 
produced  of  these  portions  of  the  Inner  Hebrides  will  always  remain  aa  a  monument 
of  vour  prowess  as  a  field  geologist  and  petrographer. 

in  handing  you  this  Medal,  which  bears  the  honoured  name  of  Murchison,  let  me 
wish  you,  on  tne  part  of  the  Council  and  of  the  Society  at  laxge,  health,  leisure,  and 
opportunity,  that  you  may  enjoy  a  long,  useful,  and  distingui&ed  career. 

Mr.  Harker  replied  as  follows : — 

Mr.  President, — I  wish,  in  response  to  what  you  hare  said,  to  express  my  rery 
sincere  acknowledgements  to  the  Council  for  the  distinction  which  they  haTe 
conferred  upon  me.  The  pleasure  with  which  I  first  reoeiTed  news  of  this  nonour 
has  since  b^n  enhanced  by  the  knowledge  that  my  gratification  is  shared  by  friends 
and  fcllow-workerB,  and  it  is  now  crowned  by  the  graceful  words  with  wnich  you 
have  accompanied  the  presentation. 

In  my  work  in  Skye,  to  which  you  haye  made  kind  reference,  it  has  been  my 
privile^  to  tread  ground  rendered  classic  by  the  labours  of  some  *of  the  masters  of 
our  science ;  and  I  hold  it  peculiarly  appropriate,  as  it  is  eminently  pleasing  to 
myself,  that  this  mark  of  the  generous  appreciation  of  the  Council  should  be  conyeyed 
by  one  of  those  my  predecessors — by  one,  moreover,  who  first  directed  my  steps  in 
a  field  which  he  hacl  already  made  his  own.  That  the  work  has  been  a  labour  of 
love  I  Aeed  not  say  to  any  geologist  who  has  felt  the  fascination  of  the  West 
Highlands — ^least  0/  all,  Sir,  to  yourself.  Where  the  work  is  its  own  reward,  so 
flattering  a  recognition  as  this  might  perhaps  be  deemed  an  unearned  addition. 
I  take  leave,  however,  to  regard  it  as  in  some  part  an  encouraranent  for  the  future, 
and  with  it  I  must  accent  the  responsibility  of  justifying  to  ue  best  of  my  poweia 
the  choice  of  the  Council. 

To  me,  finally,  this  Medal  will  be  in  a  special  sense  a  memento  of  the  ten  years 
which  I  spent  80  pleasantly  on  the  Geological  Survey  of  Scotland  :  not  only  because 
the  Medal' itself  was  founded  by  a  former  chief  of  the  Survey,  and  comes  to  me  from 
the  hand  of  one  of  his  successors,  but  also  because  this  award  adds  my  name  to  a  list 
which  includes  those  of  yourself,  who,  as  Director-General,  despatched  me  to  the 
island  which  you  knew  so  well ;  of  Dr.  Home,  head  of  the  Scottish  branch,  my 
constant  friend  and  counsellor ;  of  Dr.  Peach,  my  immediate  superior  on  the  Survey ; 
and  (last  year)  of  Mr.  Clough,  the  colleague  who  initiated  me  into  the  craft  of 
geological  surveying,  setting  a  standard  to  which  I  fear  his  pupil  has  not  often 
attained. 

In  handing  the  Lyell  Medal,  awarded  to  Dr.  Joseph  Frederick 
Whiteaves,  F.R.S.  Can.,  to  Lord  Strathcona,  for  transmission  to  the 
recipient,  the  President  addressed  him  as  follows  : — 

Lord  Strathcona, — The  Lyell  Medal  of  the  Geological  Society  is  this  year  awarded 
to  Dr.  Joseph  Frederick  Wniteaves  as  a  mark  of  the  Council's  appreciation  of  his 
prolonged  and  valuable  contributions  to  the  Geolosry  and  Palsontotogy  of  Canada. 
Afl  a  yuunf^  man,  before  he  oettled  in  the  New  World,  he  had  alr^y  shown  bis 
scientific  bent  by  several  published  papers  on  the  land  and  fresh-water  roolluaca  and 
on  the  fossils  of  some  of  the  Oolitic  formations  of  Oxfordshire.  Half  a  century  ago 
he  transftrred  hi<4  home  and  his  geological  energy  to  Canada,  and  from  that  time 
until  now  his  scientific  activity  has  known  no  pause.  In  1876  he  was  appointed  to 
succeed  the  illustrious  Billings  as  Palojontologist  to  the  Geological  Survey  ot  Canada. 
In  that  official  capacity  ho  lound  increased  opportunity  of  studying  the  fossils  that 
were  brought  to  the  Survey  Museum  from  the  eastern  provinces, '^m  Manitoba,  and 
from  the  far  shores  of  the  Pacific  Ocean.  Thus  every  fossiliferous  formation  in  the 
wide  Dominion  has  come  under  his  review,  and  he  has  described  many  new  forms  in 
various  grades  of  the  animal  kingdom.  Following  the  path  so  admirably  opened  up 
by  his  ]iredeces8or,  Dr.  Whiteaves  has  amply  sustainea  the  scientific  reputation  of 
the  Canadian  Geological  Survey,  and  has  made  solid  contributions  of  great  value  to 
Palceontolojry. 

In  requesting  you,  Lord  Strathcona,  as  High  Commissioner  for  Canada,  to  be  so 
good  as  to  transmit  this  Medal  and  its  accompanying  cheque  to  our  esteemed 
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oolleagiie  in  Ottawa,  I  would  beg  you  at  the  same  time  to  aMUie  him  that  the 
Gecdogical  Society  values  his  services  to  our  science,  takes  an  interesi  in  his  welfare, 
and  sends  its  cordial  wishes  for  the  continued  prosperity  of  the  great  scientific 
institution  in  which  he  has  laboured  so  long,  and  to  the  renown  of  which  he  has  so 
greatly  contributed. 

Lord  Strathoona,  in  reply,  expressed  the  pride  and  pleasure  which  he  felt  in 
receiving  the  taedal  on  behalf  of  a  paleontologist  the  msX  value  of  whose  work  had 
been  known  to  him  for  many  years.  He  recalled  the  inception  of  the  Canadian 
Geological  Survey  under  Sir  William  Logan,  and  remarked  that  in  showing  its 
appreciation  of  the  merits  of  Dr.  Whiteaves,  one  of  the  most  indefatigable  w(»'kers 
on  that  Survey,  the  Council  of  the  Society  had  done  honour  to  the  Survey  and  to 
Canada. 

The  President  then  handed  the  Bigsby  Medal,  awarded  to 
ITr.  Arthur  William  Rogers,  M.A.,  F.G.S.,  Director  of  the  Geological 
Survey  of  Cope  Colony,  to  Mr.  G.  W.  Lamplugh  for  transmission  to 
the  recipient,  addressing  him  as  follows  : — 

Mr.  Lamplugh, — The  Bigsb^  Medal  has  been  adjudicated  by  the  Council  to 
Mr.  A.  W.  Rogers  in  appreciation  of  his  important  labours  m  South  African 
Geology.  For  more  than  ten  years  he  has  been  at  work  in  Cape  Colony,  not 
infrequently  under  difficulties  which,  in  older  countries  like  our  own,  can  hardly  be 
realist.  His  numerous  reports,  whether  prepared  by  himself  alone  or  conjointly 
with  his  colleagues  on  the  Geological  Commission,  and  published  in  the  Commission's 
annual  volumes,  have  materially  increased  our  knowledge  of  the  geological  structure 
of  the  southern  part  of  the  Afncan  continent.  Besides  these  official  memoirs,  he  has 
published  alone,  and  also  in  conjunction  with  his  able  colleague  Professor  £.  H.  L. 
Schwarz,  in  the  '*  Transactions  of  the  South  African  Philosophical  Society,'*  some 
important  papers  in  which  striking  evidence  has  been  brought  forward  in  favour  of 
old  fflaciation  during  more  than  one  geological  period  in  South  Africa.  His  volume 
pubushed  in  Ix)ndon  'two  years  ago,  unoer  the  title  of  **  An  Introduction  to  the 
Geology  of  Cape  Colony,*'  reveals  the  patient  and  cautious  character  of  his  work,  and 
shows  how  firmly  and  quietly  the  foundations  of  our  knowledge  of  the  geological 
history  of  that  interesting  rcjrion  are  being  laid. 

This  Medal  is  always  given  to  one  who  is  under  45  years  of  age,  and  thus,  to  use 
the  words  of  its  venerable  founder,  **  probably  not  too  old  for  further  work,  and  not 
too  young  to  have  done  much."  In  asking  you  to  be  so  good  as  to  transmit  this 
award  to  Mr.  Rogers,  I  should  be  j^lad  if  you  would  accompany  it  with  an  expression 
of  our  good  wishes  for  himself,  and  of  our  continued  interest  in  the  important  and 
useful  work  of  the  Geological  Sur>'ey  which  he  so  ably  superintends. 

Mr.  Lamplugh,  in  reply,  said  : — 

Mr.  President, — It  gives  me  deep  satisfaction  to  receive  this  Medal  on  behalf  of 
Mr.  Rogers,  for,  like  all  geologists  who  took  part  in  the  visit  of  the  British 
Association  to  South  Africa,  I  have  learned  to  appreciate  very  highly  the  results  of 
his  work  and  to  admire  the  patient  sincerity  of  the  worker. 

Mr.  Rogers  has  sent  a  letter  which,  Sir,  with  your  permission,  I  will  read  :  — 

**  Geological  Commission,  South  African  Museum,  Cape  Tovm,  Jan.  15th,  1907. 
**  To  the  Council  of  the  Geological  Society  of  I^mdon. 

**  Gentlemen, — I  thank  you  most  heartily  for  the  honour  which  you  have  done  me 
by  the  award  of  the  Bigsby  Medal.  I  take  it  as  a  recognition  that  the  Geological 
Survey  of  this  Colony  has  been  carried  out  on  sound  lines,  and  as  an  expression  of 
your  hope  that  the  work  will  continue. 

•*The  official  geologists  of  the  present  generation  in  South  Africa  are  more 
fortunate  than  their  predecessors  in  having  instructions  which  allow  them  to  work 
steadily  at  the  geological  structure  of  the  country,  unhampered  by  freuuent  orders  to 
investigate  some  local  details  of  passing  interest.  Thus  a  firm  founuation  is  being 
laid  for  future  work,  both  scientific  and  economic,  ^n  Cape  Colony,  which  was  the 
first  of  the  South  African  countries  to  institute  a  systematic  survey,  the  Geological 
Commissioners  have  pursued  this  policy  from  the  commencement  of  the  survey  under 
their  control ;  my  predecessor  in  charge  of  the  work,  Dr.  G.  S.  Corstorphine,  always 
kept  this  end  in  view,  and  I  have  done  the  same. 
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'*  In  examining  the  maniuchpt  map  (dated  1859)  and  sections  made  b}r  the  first 
official  ^log;iBt  at  the  Cape,  Andrew  Wyley,  once  a  Fellow  of  this  Society,  it  is 
impossible  not  to  perceive  that,  had  he  been  allowed  to  continue  his  work,  the 
geology  of  the  Colony  would  long  ago  hare  been  well  known,  even  as  regards  thoee 
parts  where  to-day  the  broad  outlines  are  still  uncertain. 

*  *•  Circumstances  prereat  the  establishment  of  a  lavishly  equipped  Surrey  in  this 
Colony,  and  there  are  many  problems  which  have  to  be  left  almost  untouched  because 
their  investigation  requires  too  detailed  work ;  but  your  award  will  make  Cape 
geologists  feel  that  their  efforts  are  warmly  appreciated,  and  I  believe  that  my 
colleagues  past  and  present  will  share  my  gratification. 

**  I'or  myself,  I  must  say  that  your  generous  gift  will  always  urge  me  to  do  better 
work,  and  my  only  regret  is  that  I  am  unable  to  receive  the  Medal  personally  from 
a  man  whose  writings  have  been  a  constant  source  of  instruction  and  pleasure  to  me 
ever  since  geology  began  to  be  the  great  interest  of  my  life. — Akthub  W.  Booeks.** 

In  handing  the  Balance  of  the  Proceeds  of  the  WoUaston  Donation 
Fund,  awarded  to  Dr.  Arthur  Vaughan,  B.A.,  to  Professor  W.  W. 
Watts,  for  transmission  to  the  recipient,  the  President  addressed  him 
in  the  following  words : — 

Professor  Watts,— The  Bahince  of  the  Proceeds  of  the  Wollaston  Donation  Fund 
haft  been  assigned  to  Dr.  A.  Vaughan,  as  a  mark  of  the  Council's  appreciation  of  the 
excellence  of  nis  contributions  to  Geology,  and  in  particular  of  his  application  of  the 
zonal  method  of  stratigraphical  classification  to  the  Carboniferous  Limestone  of  this 
country.  I  had  often  wondered  why  this  method,  which  was  so  successfully  adopted 
many  years  ago  for  the  corresponding  portion  of  the  Carboniferous  system  of  Belgium, 
should  never  have  been  similarly  applied  to  our  own  ereat  Limestone  deposit. 
Dr.  Vaughan  has  now  demonstratea,  by  a  careful  study  of  the  corals  ana  the 
brachiopods,  how  completely  it  is  available  here,  and  the  basis  of  investigation  which 
he  has  laid  so  firmly  in  the  Bristol  region  will  doubtless  prove  to  be  one  upon  which 
the  stratigraphy  of  the  Carboniferous  limestone  throughout  the  rest  of  tnc  British 
Isles  may  be  satisfactorily  worked  out.  When  you  transmit  to  him  this  award,  will 
you  assure  him  that  the  Society  looks  forward  with  much  interest  to  the  continuation 
of  his  important  labours  ? 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Miirchison  Geological  Fund  to  Dr.  Felix  Oswald,  addressing  him  as 
follows : — 

Dr.  Oswald, — The  Council  has  awarded  to  you  the  Balance  of  the  Proceeds  of  the 
Murehison  Geological  Fund,  in  recognition  of  the  value  of  your  contributions  to  our 
knowledge  of  the  Geology  of  Armenia.  The  remarkable  volume  which  you  have 
publisliod  on  this  subject  affords  ample  evidence  of  your  keen  powers  of  observation 
and  of  the  indomitable  courage  with  which  you  have  done  pioneer  work  in  a  little- 
known  countr}'  and  with  which,  also,  you  have  laid  your  results  before  the  world. 

Your  treatise  is,  in  one  respect,  probably  Unique  in  geological  literature.  To 
surmount  the  difficulties  presented  by  the  expense  of  publication,  you  purchased 
a  hand-press,  learned  the  art  of  type-settingr,  and  laboriously  printed  off  the  whole 
book,  page  by  page,  with  your  own  hand,  while  the  numen'ms  sections,  maps,  and 
platt's  of  fossils  were  likewise  drawn,  reproduced,  coloured,  and  printed  off  by  yourself. 
The  volume  is  dedicated  to  your  wife,  who  will  share  your  pleasure  at  this  recognition 
of  your  labours,  and  to  whom  with  yourself  1  desire  to  convey  the  good  wishes  of  the 
Geological  Society. 

Ill  presenting  a  moiety  of  the  Balnuce  of  the  Proceeds  of  the  Lyell 

Oool()«?ical  Fund  to  Mr.  Thomas  Crosbee  Cantrill,  B.Sc,  the  President 

addrosacd  him  in  the  following  words  :  — 

Mr.  Cantrill, — The  Council  has  this  year  awarded  to  you  a  moiety  of  the  Balance 
of  the  Lyell  Geological  Fund  ii^recognition  of  the  quality  of  your  contributions  to 
Geology,  more  particularly  in  relation  to  the  stratigraphy  of  the  formations  from  the 
base  of  the  Lias  down  into  the  older  Palicozoic  rocks.  Your  early  paper  on  Wyre 
Forest  afforded  eood  promise  (»f  your  future  success.  Since  it  appeared  you  have 
served  for  upwards  of  ten  years  on  the  Geological  Survey,  where,  as  I  can  personally 
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testify,  your  work  has  been  characterized  by  remarkable  carefulness  and  precision. 
It  is  to  me  a  great  gratification  to  hand  this  award  to  a  former  Surrey  colleague,  and 
to  wish  YOU  continued  activity  and  success  in  your  career. 

The  President  then  presented  tlic  other  moiety  of  the  Balance  of  the 

Proceed?  of  the  Lyell   Geological  Fund  to   Mr.  Thomas  Sheppard, 

F.G.S.,  addressing  him  as  follows  : — 

Mr.  Sheppard, — The  other  moiety  of  the  Balance  of  the  Lyell  Geological  Fund 
has  been  assigned  by  the  Council  to  you  in  acknowledgment  of  the  useful  additions 
made  by  you  to  our  knowledge  of  the  Pleistocene  Geology  of  East  Yorkshire  ;  of  the 
Talue  of  vour  bibliographical  work  and  your  Inboum  in  the  Hull  Museum  :  and  of 
the  excellence  of  your  volume  on  "Geological  Rambles  in  East  Yorkshire,"  which 
contains  much  information  presented  by  you  in  a  popular  and  attractive  form. 

The  President  then  proceeded  to  road  liis  Annivei-sary  Address, 
giving  first  of  all  obituary  notices  of  several  Fellows  deceased  since 
the  last  annual  meeting,  including  Professor  Eugene  Renevier  (elected 
Foreign  Member  in  1888),  Professor  S.  L.  Penfield  (elected  Foreign 
Correspondent  in  1896),  G.  C.  Churchill  (elected  a  Fellow  in  1864), 
the  Rev.  J.  F.  Blake  (el.  1868),  C.  E.  De  Ranee  (el.  1869),  R.  P. 
Greg  (el.  1853),  J.  G.  Goodchild  (el.  1884),  Cav.  W.  P.  Jervis 
(el.  1860),  W.  Cunnington  (el.  1854),  G.  F.  Harris  (el.  1885),  and 
P.  Emary  (el.  1897). 

He  then  sketched  out  the  arrangements  contemplated  for  the 
celebration  of  the  Society's  Centenary.  Enquiry  had  shown  that  the 
last  week  in  the  month  of  September  appeared  to  be,  on  the  whole, 
the  time  which  would  be  most  generally  convenient  to  Fellows  and 
guests  in  this  country  and  to  visitors  from  abroad.  It  was  therefore 
intended  that  the  celebration  should  take  place  at  that  time.  Every 
Fellow  of  the  Society  would,  of  course,  receive  due  notice,  as  well  as 
a  detailed  statement  of  the  arrangements  when  these  had  been  finally 
settled.  Invitations  to  attend  the  meetings  would  be  immediately 
sent  out  to  all  the  Foreign  Memboi*s  and  Foreign  Correspondents. 
Geolog:ical  Societies,  Geological  Surveys,  and  learned  institutions 
which  had  a  geological  side,  would  be  asked  to  send  delegates. 
Personal  invitations  would  also  be  addressed  to  geologists  of  note  in 
the  Old  and  the  Xew  World  who  might  not  be  already  enrolled  in  the 
foreign  lists  of  the  Society.  It  was  hoped  that  to  these  various 
invitations  there  would  be  a  friendly  response,  either  by  personal 
representation  or  in  writing.  They  might  not  impossibly  be  privileged 
to  see  a  larger  company  of  geologists  assembled  together  in  this 
country  next  September  than  had  ever  been  gathered  together  here 
before. 

It  was  thought  that  the  official  programme  might  extend  over  three 
days  in  London.  The  arrangements  for  each  of  these  three  days  were 
under  consideration ;  but  he  might  mention  now  that  he  proposed  to 
give  his  postponed  address  as  the  piece  de  resistance  of  one  of  the 
forenoon  or  afternoon  meetings.  In  that  address  he  would  offer 
a  sketch  of  the  state  of  geologicjd  science  outside  of  Britain  at  the 
time  when  the  Geological  Society  of  London  was  founded,  and  indicate 
the  external  influences  that  affected  its  start.  By  tliis  choice  of 
a  subject  he  hoped  to  interest  the  foreign  guests,  while  at  the  same 
time  inviting  the  Fellows  of  the  Society  into  ix  domain  of  the  histoiy 
of  science  which  was  perhaps  less  familiar  than  it  deserved  to  be. 
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The  chronicle  of  the  Society  itself  during  the  first  hundred  years  of 
its  existence  had  heen  carefully  and  fully  compiled  from  all  availahle 
sources  hy  Mr.  Horace  B.  Woodward,  F.R.S.  His  volume  was  now 
in  the  printer's  hands,  and  would  he  in  the  hands  of  Fellows  in  the 
course  of  the  Summer. 

Excursions  to  places  of  geological  note  in  this  country  would 
prohably  be  aiTanged,  some  to  precede  and  others  to  follow  the 
meeting  in  London.  The  various  museums  and  places  of  interest  in 
the  Metropolis  would,  of  course,  be  shown  to  the  expected  visitors; 
and  there  would  doubtless  be  no  lack  of  public  and  private  hospitality. 
It  was  anticipated  that  the  Universities  of  Oxford  and  Cambridge 
would  both  receive  the  foreign  guests.  But  the  details  of  these 
various  arrangements  had  still  to  be  worked  out. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  declared 
dulv  elected  for  the  ensuing  year: — Council:  H.  H.  Amold-Bemroae,  J. P.,  M.A. ; 
Professor  S.  H.  Cox,  F.C.S.,  Assoc.  R.S.M. ;  Sir  John  Evans,  K.C.B.,  D.C.L., 
LL.D..  F.R.S.,  F.L.S. ;  Professor  E.  J.  Garwood,  M.A. ;  Sir  Archibald  Geikie, 
Sc.D.,  D.C.L.,  LL.D.,  Sec.  K.S. ;  W.  H.  Hudleston,  M.A.,  F.R.S.,  F.L.S. ;  K.  L. 
Kitchin,  M.A.,  Ph.D. ;  G.  W.  Lamplugh,  F.R.S. ;  Professor  C.  Lapworth,  M.Sc, 
LL.D.,  F.R.S.;  R.  Lydekker,  B.A.,  F.R.S.;  J.  E.  Marr,  Sc.D.,  F.R.S.; 
H.  W.  Monckton,  Treas.  L.S. ;  F.  W.  Rudler,  I.S.O. ;  Professor  W.  J.  Sollaa, 
Sc.D.,  LL.D..  F.R.S. ;  L.  J.  Spencer,  M.A. ;  A.  Strahan,  Sc.D..  F.R.S. ;  C.  Fox 
Strangwavs:  J.  J.  U.  Teall,  M.A.,  D.Sc,  F.R.S.;  B.  H.  Tiddeman,  M.A.; 
Professor'W.  W.  Watts,  M.A.,  M.Sc.,  F.R.S.;  H.  Woods,  M.A.;  A.  Smith 
Woodward,  LL.D.,  F.R.S.,  F.L.S. ;  and  Horace  B.  Woodward,  F.R.S. 

Officers  .'—Pretident :  Sir  Archibald  Geikie,  Sc.D.,  D.C.L.,  LL.D.,  Sec.  R.S. 
Vxce-VrenidenU:  J.  E.  Marr,  Sc.D.,  F.R.S.;  Professor  W.  J.  SoUis,  Sc.D., 
LL.D.,  F.R.S.;  Aubrey  Strahan,  Sc.D.,  F.R.S.;  and  J.  J.  H.  Teall,  M.A., 
D.Sc,  F.R.S.  Seanarict:  Professor  E.  J.  Garwood,  M.A.,  and  Professor  W.  W. 
Watta,  M.A.,  M.Sc,  F.R.S.  Foreign  Seaetarv  :  Sir  John  Evans,  K.C.B.,  D.C.L., 
LL.D.,  F.R.S.,  F.L.S.     Trea$urer :  Horace  W.  Monckton,  Treas.  L.S. 


III.— February  27th,    1907.— Sir  Archibald  Geikie,  Sc.D.,  D.C.L., 

LL.D.,  Sec.  K.S.,  President,  in  the  Chair. 

The  following  communications  were  read : — 

1.  **0n  the  Lower  Ordovician  Succession  in  Scandinavia."  By 
William  George  Fearnsides,  M.A.,  F.G.S. 

The  paper  is  a  stratigraphical  account  of  the  Bictyonema  Shales, 
the  Ceratopyge  Beds,  the  DidymograptuH  Shales,  and  the  Orfhoceroi 
Limestone  of  Sweden  an<l  Southern  Norway,  and  is  based  upon  field 
observations  of  Scandinavian  type  localities  ma'lc  by  the  author 
during  the  Summer  of  1906.  The  beds  are  discussed  under  the 
following  headings :  — 

(C)     Didymograptm  Shales  and  OrthoceraVt^, 
(B)     Glauconite  Shales  and  Cer atopy ge)L2\\i, 
(A)     Dtctyonema  and  Bryograptus  Shales, 

which  are  found  to  be  applicable  to  all  the  sections  visited. 

For  pui'poses  of  ready  correlation  with  the  British  Tremadoc  rocks, 
the  upper  part  of  the  Acerocaria  zone  of  the  Alum  Shales  is  con- 
sidered along  with  Division  A,  and  the  presence  of  trilobites  of 
Ordovician  type  and  related  to  those  of  the  Ceratopygekalk  in  that 
as  well  as  in  the  Dtctyonema  Beds  is  emphasized.      It  is  also  held 
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that  the  hranching  graptolites  of  Division  A  show  a  progressive 
erolutional  divergence  from  an  original  Dictyonema  through  Dicty^ 
yraptuM  Jlabelli/ormis  to  the  true  graptolites  of  Clonograptid  or 
Bryograptid  types,  and  through  D.  narveyieui  to  the  so-called 
'dendroid  graptolites.'  The  gradual  replacement  of  the  western 
type  of  Alum,  Shales  of  this  division  by  the  sandy  beds  with  Oholu9 
in  Northern  Oland  and  the  Baltic  Provinces  is  discnssed,  and  is  con- 
sidered as  an  early  manifestation  of  the  crustal  instability  which 
brought  about  the  curious  vicissitudes  of  the  Glauconite  Shale 
period.  Many  of  the  phenomena  at  the  base  of  Division  B  are 
suggestive  of  an  unconformity,  and  in  all  Swedish  areas  except 
Sk&ne  the  succession  from  A  to  B  is  shown  to  be  incomplete.  In 
general,  the  base  of  Division  B  has  much  the  aspect  of  the  Cam- 
bridge Greensand,  and  the  Glauconite  Shales  as  a  whole  mark  a 
period  during  which  the  alternating  processes  of  deposition  and 
erosion  were  nicely  balanced.  A  curious  small  -  scale  erosion 
phenomenon  occurring  intermittently  throughout  Division  B  i» 
redescribed  under  the  name  '  Korrosionsgrupper,'  and  along  with' 
the  variable  detailed  succession  of  the  beds  is  considered  as  a 
further  proof  of  discontinuous  sedimentation  throughout  the  period. 
Division  C  of  Didymoyraptua  Shales  and  their  equivalent  Orfhocera^ 
kalk  is  discussed  only  in  outline.  Both  shales  and  limestone  pass 
downwards  continuously  into  the  highest  Ceratopyge  Beds,  both  in 
lithology  and  fauna,  and  the  difference  between  the  lowest  Ortho- 
cerM  Limestone  (Planilimbatcnkalk)  and  the  higher  limestone  of 
the  Ceraiopyyek&\i  is  almont  imperceptible. 

This  stratigraphical  evidence  is  then  considered  in  its  bearing  upon 
the  question  of  the  definition  of  the  boundaiy  between  the  Cambrian 
and  the  Ordovician  Systems  ;  and  the  author  follows  the  Scandinavian 
authorities  in  considering  that,  so  long  as  the  Dictyoneina  horizon 
is  available,  the  evidence  of  sudden  faunistic  change  within  the 
series  discussed  is  too  slijjht  to  warrant  a  palffiontologieal  separation 
of  the  systems  at  any  other  horizon.  A  comparison  of  the  British 
Tremadoc  and  Arenig  Scries  with  these  Scandinavian  rocks  con- 
cludes the  paper ;  and  it  is  maintained  that  the  time  has  now  arrived 
for  British  geologists  to  come  into  line  with  their  Continental 
brethren,  and  to  include  the  Dictyonema  and  the  overlying  Tremadoc 
Beds  as  the  lowest  series  of  the  CJrdovician  System. 

2.  "The  occurrence  of  Pseudomorphous  Pebbles  of  Pyrites  at 
the  Crown  Reef  Mine  (Witwatersrand).'*  By  Cuthbert  Baring 
Horwood,  A.RS.M.,  Assoc. M.Inst. C.E.,  F.G.S. 

Reference  is  first  made  to  the  existence  of  calcitc  *  pebbles '  in 
the  Main  Reef,  which  Mr.  Julius  Kuntz  believes  to  be  duo  to  the 
replacement  of  quartz  by  calcite.  Pellets  of  iron  bisulphide  known 
as  •  buckshot '  occur  at  the  llietfontein  *  A '  Mine  in  the  Buckshot 
Reef:  they  exhibit  radiate  fibrous  structure,  and  are  probably  of 
concretionary  origin.  At  the  Crown  Reef  Mine  a  few  *  pebbles* 
of  pyrites,  some  measuring  as  much  as  an  inch  in  length,  occur  in 
a  narrow  band  of  conglomerate  at  the  contact  of  the  reef  with  a 
basic  dyke.  It  is  conjectured  that  the  mineralising  solutions 
which  deposited  the  pyrites  (together  with  some,  if  not  all,  of  the 
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associated  gold)  ascended  along  the  fractures  due  to  the  intrusion 
of  the  dyke,  and  found  an  easy  course  along  the  small  conglomerate 
bed,  where  they  replaced  some  of  the  quartz  pebbles  with  pyrites, 
being  kept  up  by  a  band  of  shale  underneath  the  conglomerate. 


IT.— March   13th,    1907.— Aubrey   Strahan,   Sc.D.,    F.B.S.,    Vice- 
President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  **  A  Silurian  Inlier  in  the  Eastern  Mendips."  By  Prof.  Sidney 
Hugh  Reynolds,  M.A.,  F.G.S. 

An  account  of  the  rocks  with  which  the  paper  mainly  deals  was 
brought  before  the  Society  on  February  7th,  1906  (see  Abstract  of 
Proc,  Geol.  Mao.,  1906,  p.  142);  but,  owing  to  the  discovery  just 
before  the  meeting  of  Silurian  fossils  in  material  thrown  out  by  moles 
and  rabbits,  the  paper  was  withdrawn  and  further  work,  including  the 
digging  of  a  series  of  seven  trenches,  was  carried  out.  This  proved 
that  the  fragmental  igneous  rock  is  of  two  types: — (1)  Normal  fine- 
grained tuff,  from  which  in  three  localities  over  thirty  species  of 
Silurian  (probably  Llandovery)  fossils  were  obtained  and  have  been 
identified  by  Mr.  F.  R.  Cowper  Reed  :  the  tuffs  are  seen  at  Sunny  hill 
to  underlie  the  trap.  (2)  A  remarkable  coarse  ashy  conglomerate, 
the  nature  and  relation  of  which  to  the  other  rocks  are  both 
obscure.  The  following  four  possibilities  with  regard  to  the  nature 
of  this  rock  are  discussed  in  some  detail : — (a)  That  it  may  be  the 
basement  conglomerate  of  the  Old  Red  Sandstone ;  (3)  that  it  may 
be  an  aqueous  deposit  of  the  same  general  age.  and  belon$*ing  to  the 
same  igneous  series  as  the  associated  trap  and  normal  tuff ;  (c)  tl)at 
it  may  be  an  old  river-gravel,  deposited  during  a  terrestrial  period 
subsc^quent  to  the  fossiliferous  Silurian  and  prior  to  the  Old  Red 
of  the  district ;  and  {d)  that  it  may  represent  the  necks  of  the 
volcanoes  from  which  the  trap  and  the  normal  tuff  were  ejected. 
The  author  is  of  opinion  that  the  fourth  of  these  possibilities  agrees 
best  with  the  observed  facts.  The  paper  concludes  with  a  comparison 
between  the  Mendip  Silurian  rocks  and  those  of  Gower  and  Tortworth, 
in  both  of  which  localities  it  appears  that  the  upper  beds  of  the 
Silurian  System  are  unrepresented. 

2.  **  On  Changes  of  Physical  Constiints  which  take  place  in  certain 
^linerals  and  Igneous  Rocks  on  the  Passage  from  the  Crystalline  to 
the  (ihissy  State;  with  a  shoi*t  Note  on  Eutectic  Mixtures."  By 
James  .\rchibald  Douglas,  B.A.,  F.G.S. 

Aft^T  giving  an  account  of  previous  experiments  in  the  direction 
of  determining  the  physical  chanjjes  accompanying  the  fusion  of 
rocks  and  minerals,  and  their  re-soliditication  into  a  glassy  condition 
— (experiments  which  are  in  many  cases  open  to  sources  of  Considerable 
error — the  author  describes  the  electrical  apparatus  employed  by 
himself.  Powdered  rock  of  known  specific  gravity  is  fused  as  often 
as  refjuircd  in  a  loop  of  platinum-ribbon.  The  fused  product  is 
powdered,  examined  with  the  microscope,  and  then  placed  in 
a  (liti'usion-column,  by  the  use  of  which  errors  due  to  the  few  small 
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bubbles  or  unfusecl  mineral  particles,  on  the  few  occasions  when  these 
exist,  are  eliminated.  The  diifusion-column  is  sealed  in  a  glass  tube. 
Acid  rocks  wore  found  to  increase  6  to  10  per  cent,  in  volume, 
intermediate  rocks  5  to  7  per  cent.,  and  basic  rocks  chiefly  less  thaa 
6  per  cent.  Of  the  minerals  tested,  pargasite  underwent  the  greatest 
expansion,  albite  gained  10  per  cent,  while  in  anorthitc  and  Icucite 
the  increase  was  less  than  4  per  cent.  It  is  pointed  out  that  this 
expansion  would  be  a  very  effective  force  in  the  case  of  the  melting  of 
rock-magmas  kept  solid  by  pressure.  Experiments  were  also  made  in 
order  to  ascertain  the  melting-points  of  the  rocks  and  minerals 
experimented  upon:  these  were  found  to  range  from  1260° C.  for 
rhyolite  to  1070^0.  for  Clee  Hill  dolerite.  The  refractive  indices  of 
the  glasses  were  determined  in  dense  fluids.  In  determining  the 
melting-points  of  individual  minerals,  the  author's  results  agree  fairly 
closely  with  those  of  Day  &  Allan,  but  differ  from  those  of  Joly  h 
Cusack.  An  attempt  was  made  to  And  experimentally  the  eutectic 
proportions  of  quartz  and  felspar.  It  was  found  impossible  to- 
reproduce  in  the  laboratory  the  conditions  which,  in  nature,  seem  to 
have  existed  during  the  formation  of  pegmatites.  On  the  other  hand, 
a  mixture  of  orthoclase  and  albite  gave  a  melting-point  lower  than 
those  of  either  minei*al  taken  separately. 


V. — Mineralogical  Society. 

Tuesday,  January  29th. — Professor  H.  A.  Miers,  F.R.S.,  President,  in 

the  Chair. 

Experiments  bearing  on  the  order  of  crystallisation  of  Ilock-con- 
stituents,  by  Professor  H.  A.  Miers.  The  general  results  of 
experiments  made  by  Miss  F.  Isaac  and  Professor  Miers  with 
mixtures  of  salol  and  betol  in  all  proportions  were  described ;. 
the  experiments  have  established  the  supersolubility  curves  even 
beyond  the  points  where  they  cross  below  the  eutectic  temperature. 
Owing  to  the  fact  that  the  main  separation  of  crystals  in  the  cooling 
mixtures  takes  place  only  when  the  liquids  have  been  supercooled  ta 
temperatures  given  by  the  supersolubility  curves,  it  has  been  found 

( 1 )  that  in  general  the  mixtures  do  not  solidify  as  a  eutectic  mixture, 

(2)  that  according  to  the  conditions  of  supercooling  either  substance 
could  be  made  to  crystallise  before  the  other  in  mixtures  approaching 
the  eutectic  in  composition.  It  was  suggested  that  these  results  are 
applicable  to  the  solidification  of  many  rocks  and  alloys. — Serpentine 
Kock  from  the  Tamthalcr  Kopfe,  Tyrol,  by  Dr.  A.  P.  Young.  The 
minerals  found  in  the  serpentine  are  diopside,  tremolite,  clinoohlore, 
picotite,  magnetite,  iron  pyrites,  and  a  fibrous  mineral  referred  to 
antigorite.  The  latter  mineral  is  regarded  as  holding  a  place  between 
the  micas  and  chlorites.  On  the  surface  of  the  serpentine  are 
projecting  bastite  pseudomorphs  coated  with  films  of  silvery  lustre. 
The  serpentine  is  a  non-foliated  intrusive  core,  which  on  the  borders  is 
highly  foliated  and  passes  into  talc-bearing  phyllites. —  A  simple 
tabular  arrangement  of  the  32  crystallographic  classes,  by  Dr.  J.  W. 
Evans.  The  table  is  based  on  the  character  of  the  symmetry  of  the 
principal  zone  axis  or  zone  axes.     Each  column  contains  classes  with 
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the  sarae  rotational  symmetry  round  the  axis,  and  each  row  those 
which  agree  in  the  other  symmetrical  characters  of  the  axis. — A  new 
model  of  crystal-refractometer,  by  Dr.  G.  F.  Herbert  Smith.  This 
instrument  is  identical  in  principle  with  that  previously  described,  and 
is  intended  for  use  with  large  mineral  specimens  and  mounted  gem- 
stones.  No  part  extends  above  the  level  of  the  plate  holding  the 
dense-glass  hemisphere.  Further,  the  optical  combination  has  double 
the  focal  length  of  the  earlier  form  and  provides  consequently  greater 
refinement.  —  Isomorphism  as  illustrated  by  certain  varieties  of 
magnetite,  by  Professor  B.  J.  Harrington.  Analyses  are  given  of 
specimens  of  magnetite  from  St.  Joseph  du  Lac,  Canada,  and  from 
Magnet  Cove,  Arkansas,  both  showing  the  unusual  combination  of 
octahedron  and  trapezohedron  {311}.  The  Canadian  specimen  con- 
tained about  5  per  cent,  of  Ti  O3,  8  per  cent,  of  Mn  O,  and  3  per  cent, 
of  MgO;  and  the  specimen  from  Arkansas  about  10  per  cent,  of 
AI2O3,  2  per  cent,  of  TiO^,  2  per  cent,  of  MnO,  and  9  per  cent,  of 
Mg  0. — Mr.  Fleischmann  exhibited  a  collection  of  zeolites  from  Japan, 
Dr.  Evans  an  objective  giving  a  flat  field  with  convergent  light,  and 
ProfesM>r  Miers  a  goniometer  to  be  used  for  the  measurement  of  the 
refractive  indices  of  cooling  solutions,  for  which  purpose  it  is  provided 
with  means  for  maintaining  a  constant  temperature  for  any  desired 
period. 


YI. — ^PaIuSoktog&aphical  Socibtt. 

Tlie  sixtieth  Annual  Meeting  of  the  Palseontographical  Society  was 
held  at  the  apartments  of  the  Geological  Society,  Burlington  Honse, 
on  March  16th,  Dr.  Henry  Woodward.  F.R.8.,  President,  in  the 
chair.  The  report  of  the  Council  congratulated  the  Society  on  its 
continued  prosperity,  and  the  value  and  variety  of  the  Monographs 
which  it  still  received  for  publication.  The  funds  had  been  augmented 
by  a  special  sale  of  back  stock  to  members,  but  the  normal  income 
ishowed  a  gradual  decline  owing  to  the  difficulty  of  obtaining  new 
personal  subscribers  to  replace  those  lost  by  death.  The  Carnegie 
Trust  for  the  Universities  of  Scotland  paid  for  the  production  of 
Ave  plates  of  Old  Red  Sandstone  Fishes  illustrating  Dr.  Traquair's 
Monograph  issued  in  1906.  The  Rev.  J.  F.  Blake,  Mr.  Thomas 
Leighton,  and  Miss  Caroline  Birley  were  among  the  members  deceased 
since  the  last  annual  meeting.  Dr.  Henry  Woodward,  Dr.  G.  J. 
Hinde,  and  Dr.  A.  S.  Woodward  were  re-elected  President,  Treasurer, 
and  Secretary  respectively.  Messrs.  J.  Hopkinson,  W.  D.  Lang, 
H.  Woods,  and  G.  W.  Young  were  elected  new  members  of  Council. 


VII. — Zooix)GiCAL  Society. 

At  the  meeting  of  the  Zoological  Society  on  March  19th,  1907, 
Mr.  H.  F.  Standing,  M.Sc,  exhibited  and  described  a  large  series  of 
remains  of  comparatively  gigantic  extinct  lemurs,  which  he  had 
discovered  in  a  marsh  in  Madagascar.  He  arrived  at  the  following 
general  conclusions  as  to  the  relationships  of  these  animals  and  the 
Prosimiaj  in  general : — 
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1 .  The  recent  Indrisinee  ChiromySy  MesopropitheeWy  Palaopropitheetu, 
Arehaolemur^  and  I/adropttheeu$  arc  all  more  or  less  speciulized  repre- 
sentatives of  one  common  Prosimian  stock. 

2.  Specialization  has  taken  place  in  various  directions  and  to  very 
varying  degrees  among  the  different  genera  enumerated ;  Archaolemur, 
JBadropithecuSy  and  I/esopropithectis  retaining  on  the  whole  the  greatest 
number  of  pithecoid  characters. 

3.  Even  the  least  specialized  forms  have  undergone  retrogressive 
changes  as  compared  with  the  ancestral  Tertiary  stock  from  which 
they,  in  common  with  the  extant  IndrisincC)  are  derived.  This  is 
notably  true  as  regards  the  condition  of  the  frontal  region  of  the  bruin. 

4.  A  comparison  of  the  least  specialized  members  of  this  Indrisine 
group  of  Prosimise  with  the  various  families  of  the  Old  and  New 
World  Monkeys,  shows  in  several  characters  closer  affinities  with  the 
latter  than  with  the  former  (e.g.,  auditory  buUsB,  traces  of  primitive 
dentition,  procumbent  lower  incisors,  tendency  to  lose  third  molar, 
platyrhine  condition  of  nasals). 

6.  A  comparison  of  the  Malagasy  Lemurinse,  recent  and  sub -fossil, 
with  the  various  genera  of  the  Indrisine  group  supports  the  belief  that 
retrogpressive  specialization  has  proceeded  even  further  in  their  case 
than  in  that  of  the  recent  Indrisinse.  This  retrogressive  specialization 
has  in  general  proceeded  on  similar  lines  in  the  two  groups,  though  the 
deviations  from  the  primitive  dental  formula  are  less  pronounced 
among  the  Lemurine  than  among  the  indrisine  genera. 

6.  The  members  of  the  family  of  the  Lemuridse  outside  of 
Madagascar  are  found  in  scattered  groups  over  a  wide  area  in  the  Old 
Woild  and  bear  the  marks  of  a  decadent  group.  All  are  nocturnal, 
and  many  are  curiously  specialized. 

7.  A  comparison  of  the  various  genera  of  LemuridaB  with  one 
another  and  with  the  New  "World  Monkeys,  both  recent  and  fossil. 
leads  to  a  strong  presumption  that  these  families  as  well  as  the 
Malagasy  Indrisine  group  have  had  a  common  origin. 

8.  In  view  of  the  recent  additions  to  our  knowledge  of  the  Prosimiae 
and  of  their  close  relations  to  the  Apes,  it  seems  no  longer  necessary, 
or  indeed  possible,  to  separate  the  Primates  into  the  two  suborders  of 
Lemuroidea  and  Anthropoidca. 

Most  of  the  specimens  described  by  Mr.  Standing  belong  to  the 
Malagasy  Academy,  Antanauarivo,  but  a  typical  and  extensive 
selection  has  been  acquired  by  the  J^ritish  Museum  (Natural  Histor}'). 


MARINE    RIPPLE-MARK. 

Sib,  —  In  your  issue  for  February,  p.  96,  your  correspondent 
Mr.  A.  R.  Hunt  quotes  one  among  the  many  experiments  I  showed 
in  my  lecture  to  Section  G  at  Cambridge,  and  deduces  from  it  that 
my  **  results  and  conclusions  ....  have  practically  no  bearing 
on  the  phenomena  of  the  sea-shore  and  sea-bottom." 

Even  had  I  shown  only  this  one  experiment,  such  a  statement 
would  surely   have  been   somewhat  sweeping ;    but   as   I   actually 
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showed  at  the  lecture    "a  scries  of  periodically  oscillating  waves 

moving  in  one  direction  over  a  fixed  bottom,  and  expending  themselves 

on  a  sandy  shore,"  and  proved  that  under  such  waves  ripples  formed 

exactly  as  they  did  in  the  moving  tank  with  vertical  sides*  I  can  only 

suppose  that  Mr.  Hunt  was  not  at  the  lecture,  and  is  judging  without 

having  seen  the  experiments.  Hrktha  Atkton. 

71,  Norfolk  SavAKE,  W. 
February  28th,  1907. 


SIR   FRANCIS  TRESS  BARRY,   BART.,   D.L.,  J. P.,  F.S.A. 

Born  1825.  Died  February  28,  1907. 

We  regret  to  announce  the  death  of  Sir  Francis  Tress  Barry,  Bart., 
of  Keiss  Castle,  Caithness,  N.B.,  on  the  28th  Fehruar}-,  at  his 
Berkshire  residence,  St.  Leonard's  Hill,  near  "Windsor,  in  his 
83rd  year,  after  a  long  and  severe  illness.  The  late  Baronet  filled 
the  position  of  British  Yice-Consul  for  the  province  of  Biscay,  Spain, 
in  1846,  and  was  Acting  Consul  for  the  provinces  of  Biscay,  Santander. 
and  Guipuzcoa  in  1847.  In  1854  Mr.  Barry  was  offered  by  the  Earl 
of  Clarendon  the  appointment  of  British  Consul  at  Madrid,  but  was 
obliged  to  decline  it  as  ho  had  established  himself  as  a  merchant  at 
Bilbao.  Be  turning  to  England  shortly  after,  he  joined  his  brother-in- 
law,  ^Fr.  James  Mason,  in  the  exploitation  of  the  famous  San  Domingo 
copper-niincs  in  Portugal,  from  which  time  many  honours  fell  to  him. 
He  was  decorated  with  the  Order  of  Christ  by  the  King  of  Portugal 
in  1863,  five  years  after  being  raised  to  the  rank  of  Commander  of  the 
same  Order.  In  1880  he  was  decorated  by  the  King  of  Spain  with 
the  Cross  of  Naval  jSircrit  (Second  Class).  He  acted  as  Consid-General 
in  England  for  Ecuador  in  1872.  Sir  Francis  represented  Windsor  in 
the  Conservative  interest  from  1890  to  1906.  He  was  created  a  Baronet 
in  1899,  and  also  held  the  Portuguese  title  of  liaron  de  Barry.  Sir 
Francis  is  succeeded  by  his  son,  Major  Edward  Arthur  Barry,  who  was 
bom  in  1858. — Morning  Post,  March  1st,  1907. 

For  many  years  Sir  Francis  Barry  devoted  himself,  when  at  Keiss 
Castle,  to  the  exploration  of  the  numerous  prehistoric  towers  on  his 
estate  in  Caithness,  known  as  ^  Brocks.'  These  buildings,  constructed 
of  flat  flags  of  Old  Red  Sandstone  without  any  mortar,  were  extremely 
well  built,  circular  in  form,  and  originally  some  30  feet  in  height,  with 
solid  walls  of  enormous  thickness.  Their  history  is  quite  unknown. 
One  is  still  standing  on  Pomona,  near  Kirkwall,  Shetlands.  Those  in 
Caithness  have  been  destroyed,  save  their  foundations,  which  were  dug 
out  by  Sir  Francis  BaiTv.  He  proved  that  they  had  been  inhabited 
for  long  periods,  the  debris,  or  middens,  containing  remains  of  the 
elk,  reindeer,  red  deer,  wolf,  wild  boar,  pig,  Bo»,  sheep,  goat,  and 
vaiious  binls ;  of  Aves  the  most  interesting  was  the  great  auk 
(^Ah'a  impennis),  of  which  a  considerable  number  of  entire  skulls,  etc., 
were  obtained.  It  was  Sir  Francis  Barry*s  intention  to  publish  a  full 
account  of  these  most  interesting  prehistoric  remains,  but  save  for 
a  small  octavo  pamphlet  they  have  no  record  by  him. 
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I. — Notes    on    sosie    TJppbb    Cbetacegus    Fish-bevains    fboic    thi 
Pboyinces  of  Seboipe  and   Pebnahbuco,  Bbazil. 

By  Abthur  Smith  Woodward,  LL.D.,  F.R.S.,  of  the  British  Museum. 

(PLATE  VII.) 

tAM  indebted  to  Professor  Ondllo  A.  Derby  for  the  opportunity  o£ 
stadying  some  fish-remains  from  the  Cretaceous  of  North-East 
Brazil,  which  were  examined  by  the  late  Professor  Cope  and  partially 
described  by  him,  without  illustrations,  in  1886.  I  had  the  privilege 
of  seeing  some  of  these  fossils  at  Philadelphia  in  1890,  and  made 
a  few  notes  which  were  incorporated  in  the  British  Museum  Catalogue 
of  Possil  Fishes.  I  have  now  undertaken  a  renewed  and  more  detailed 
study  of  the  collection,  which  suggests  the  desirability  of  publishing 
the  following  supplementary  observations. 

EnCHOSUS   SUBiEQUILATEBALIS,    CopC.      (PL  YII,  FigS.  1,  2.) 

1886.    SnehoduM  tubitquilaieralis,  E.  D.  Cope:  Proc.  Amer.  Phil.  Soc.,  vol.  zxiii, 
p.  3. 

This  species  is  represented  only  by  palatine  bones  (^premaxillaries' 
of  Cope)  and  by  ar  tooth  probably  of  the  dentary  bone,  from  Maria 
Faiinha,  Province  of  Pemambuco.  The  type-specimen  (PL  VII,  Fig,  1) 
exhibits  the  palatine  tooth,  already  described  by  Cope.  A  second 
specimen  (Fig.  2),  exposed  from  the  inner  aspect,  shows  that  the 
palatine  bone  is  short  and  stout,  with  the  ethmoid  articulation 
extending  to  its  anterior  end,  where  the  tooth  is  fixed  and  directed 
downwards. 

Paueobalistuic  flabellatum,  Cope,  sp.     (PL  VII,  Fig.  3.) 

1886.     J^enoduijlabeliatut^  E.  D.  Cope:  Proc.  Amer.  Phil.  Soc.,  toL  xxiii,  p.  6. 
1895*    FalcBobalistumJlabellatumf  A.  S.  Woodward  ;   Cat.  Fobs.  Fishes  Brit.  Mus., 
pt.  iii,  p.  275. 

The  only  known  example  of  this  interesting  Pycnodont  is  exposed 
from  the  right  side  and  shown  of  one-half  natural  size  in  PL  VII,  Fig.  3. 
It  lacks  the  greater  part  of  the  head,  besides  the  front  half  of  the 
dorsal  and  ventral  borders,  but  is  sufficiently  well  preserved  to  leave 
no  doubt  as  to  its  generic  determination.  Immediately  behind  the 
rather  large  orbit  {orb,)  a  cluster  of  slender  ossified  gUl-supports  is 
seen,  and  below  this  is  part  of  the  widely  expanded  left  preoperculum 
(j9cp>)  exposed  from  its  inner  face.     In  the  axial  skeleton  of  the 
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trunk  there  are  traces  of  the  expanded  bases  of  the  neural  and  haemal 
arches,  which  must  have  nearly  encircled  i;ho  persistent  notochord ; 
and  just  above  these  (jxpansions  in  the  neural  arches  of  the  abdominal 
region  the  interdigitating  plates,  which  form  a  rigid  connection 
between  the  bases  of  the  neural  spines,  are  conspicuous.  The  ribs 
are  winged  as  described  by  Cope,  but  the  appearance  of  a  **  continuous 
wall*'  noted  by  him  is  ])urtly  due  to  an  inner  view  of  the  underlying 
scales  of  the  left  side  of  the  fish.  Impi^essions  show  that  the  hajmal 
sj^iues  within  the  caudal  fin  are  fan-shaped.  The  slender  left  clavicle 
still  retains  traces  of  its  inferior  expansion  {cL),  which  is  mistaken  by 
Cope  for  a  coracoid  bone ;  while  the  series  of  basal  bones  of  tlie 
pectoral  fin  is  obviously  incomplete,  and  so  does  not  place  the 
Pycnodontida)  in  the  Isospondyli,  as  supposed  by  Cope.  All  the  fins 
ai'e  very  imperfect,  and  it  is  impossible  to  determine  liow  many  rays 
were  originally  present  in  the  dorsal  and  anal  fins,  wliich  arc 
incomplete  in  front.  There  is  thus  no  reason  for  Cope's  conclusion 
that  the  anal  fin  is  unusually  short.  The  caudal  fin,  which  is  shown 
chiefly  as  an  impression,  displays  the  peculiar  shape  characteristic  of 
I^alccobalistum,  Remains  of  the  sqiuimation  occur  over  the  whole  of 
the  abdominal  region  and,  though  more  delicat<),  over  the  middle  part 
of  the  flank  of  the  caudal  region ;  but  the  scales  are  represented 
chiefly  by  their  thickened  ribs  (*  rhabdopleure '  of  Cope),  by  which  the 
transverse  rows  are  clearly  spliced  together  in  the  usual  manner. 
Cope  did  not  observe  this  splicing,  but  described  the  *  rhabdoplcurs  '  as 
**  not  segmented."  As  noted  by  him,  the  number  of  transverse  rows 
of  scales  is  equal  to  that  of  the  vertebral  segments.  No  traces  of 
scale-ornament  are  observable. 

The  condition  of  the  vertebral  column  and  the  shape  of  the  caudal 
pedicle  and  caudal  fin  prove  that  the  Pycnodont  now  described  belongs 
to  the  genus  Pal(rohaIisinm,  which  occurs  both  in  the  Upper  .Cretaceous 
and  in  the  Eocene  of  the  Old  World.  It  diifers  from  P.  Ponsorti 
(Upper  Cretaceous,  Marne,  France),  in  liaving  the  scides  continued 
over  th(;  middle  of  the  flank  of  the  caudal  region ;  but  agrees  in  the 
latter  respect  both  with  the  type-species,  F.  orhiculatum^  (Upper 
Eocene,  Monte  Bolca),  and  with  F.  Goedeli  (Cretaceous,  Ilakel, 
Mount  Lebanon).  In  the  strength  of  this  caudal  squamation  the 
Brazilian  fish  is  intermediate  between  the  two  last-mentioned  species, 
but  in  the  shape  of  its  caudal  tin  resembles  most  closely  P,  Goedeli, 

Pal (Bohali stum  Jiahellat urn  was  discovered  in  **  the  southern  centre  of 
the  Trovince  of  Sergipe  del  Hey.'' 

«      ArocopoDON  sERiCECs,  €ope.     (Pk  VII,  Figs.  4,  4ff,  4A,  5,  ba.) 

1S86.     ApocopoJon  strkctis^  E.  D.  Cope:  Troc.  Anier.  rhil.  Soc.,  vol!  xxiii,  p.  2. 

I  have  already  remarked ^  that  the  dentition  named  Apocopodon  is 
intermediate  between  that  of  the  typical  Myliobatidaj  and  that  of  the 

^  In  th«^  British  Museum  Cat^ilogue  of  Fossil  Fishes,  pt.  iii  (1895),  scales  ore  SJud 
to  1)0  C()iitiut*<l  to  the  anterior  halt  of  the  trunk  in  P.  orhieulatum ;  but  an  example  of 
this  si>o<nt»s  ap(|uire(l  hy  the  British  Museum  ^ince  1895  shows  numerous  very  delicate 
ribs  ot  scales  in  the  caudal  re^rion.  (B.M.  No.  P.  9830,  described  and  tijj^ured  by 
Ueckel  :   Denkschr.  k.  Akad.  Wi<s.  ^Vien,  math.-naturw.  CI.,  vol.  xi,  p.  229,  pl.x.) 

2  Proc.  Geol.  Assoc,  vol.  x  (1888},  p.  297. 
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Cretaceous  Plychodus.  The  teeth  are  well  described  by  Cope,  but  the 
illustrations  of  them  now  given  aix)  needed  for  the  satisfactory  under- 
standinjij  of  their  chamcters.  The  latenil  ends  of  the  median  teeth 
(Fig.  4)  are  as  irregular  in  their  bevelling  and  truncation  as  those  of 
Ptychodu9  \  and  the  shape  of  the  side-teeth  (Fig.  5)  must  doubtless 
have  been  equally  irregular.  The  appearance  of  the  viisodentirie  is 
remarkably  similar  to  that  of  Ptyehodus  ;  and  the  enamelled  surface  of 
the  flattened  crown  bears  wrinkling  (Fig.  Ah)  suggestive  of  that  round 
the  borders  of  the  teeth  of  Ptyehodus^  but  all  tlie  wrinkles  are  ilirected 
antero-posteriorly,  and  there  is  no  transvereely  ridged  central  area. 
As  deseribe<l  by  Cope,  the  root  is  sharply  constricted  from  the  crown 
(Figs.  4/f,  ba),  and  it  differs  from  that  of  the  teeth  of  Ptychodun  in 
being  very  slightly  marked  on  its  lower  face  (Fig.  5)  with  a  few  broad 
antcro-posterior  grooves.  There  is  evidence  of  at  least  three  paired 
lateral  series  of  teeth,  which  rapidly  diminish  in  size  outwards. 

Apocopodon  serieeus  occurs  in  the  Cretaceous  of  Maria  Farinha, 
Province  of  Pemambuco. 

llnENOPTERA  PRiscA,  sp.  nov.     (PL  VII,  Figs.  6,  6a,  7,  la.) 

Vertebne  from  the  Chalk  of  Aix  an<l  ^laastricht  are  supposed  by 
Hassc  to  be  referable  to  Rhiwtptera^  but  no  teeth  of  this  large  skate  have 
hitherto  been  reconie<l  from  Cretaceous  lormations.  Two  fragments  of 
dentition,  apparently  of  Rhinoptera,  from  the  yellow  limestone  of 
Maria  Farinha,  arc  therefore  of  much  interest. 

The  most  important  of  these  two  specimens  is  shown  from  the  oral 
aspect,  of  the  natural  size,  in  Fig.  6,  and  comprises  two  median  teeth, 
with  remains  of  four  paired  lateral  series.  All  the  teeth  are  bevelled 
at  the  ends  in  the  usual  manner,  and  their  coronal  surface  is  flattened 
or  very  slightly  convex.  The  .superficial  layer  of  the  crown  has  been 
accidentally  removed  from  all  the  teeth  excej)t  one  in  the  outermost 
row,  where  it  is  shown  to  have  been  roughened  by  a  tine  network  of 
wrinkles  (Fig.  Grt).  The  root  of  each  tooth  is  traversed  by  the  usual 
an tero- posterior  grooves,  but,  as  well  sliown  in  a  seciond  example  of 
a  median  tooth  (Fijjs.  7,  7a),  these  grooves  arc  conipai  atively  tew  with 
relatively  large  intervening  ridges.  The  median  teeth  preserved  are 
nearly  three  times  as  broad  as  long ;  the  teeth  of  the  first  paired  series 
are  about  twice  as  broad  as  long  ;  those  of  the  second  paired  series  are 
irregular  rhombs  as  broa<l  as  long;  while  the  teeth  of  the  two  outer 
paired  series  jire  comparjitively  snuill,  narrow,  and  antero-posteriorly 
elongated.  The  antero-posterior  measurement  of  each  tooth  ])reserved 
is  from  7  to  8  mm.,  and  the  width  of  each  tooth  is  as  follows  : — 
moilian,  22mm.;  1st  lateral,  lomm.;  lind  lateral,  8  mm.;  ord  lateral, 
6  mm. ;  4th  lateral,  5  mm. 

R.  prisca  is  readily  distinguished  from  the  oldest  species  of 
RhinopUra  liitherto  described,  namely,  R.  Daritsi,  from  the  London 
CLiy  of  Sheppey,^  by  the  flatness  of  the  coroujd  surface  of  all  the 
teeth,  and  by  the  relative  pn)])ortions  of  the  lateral  teeth.  It  agrees 
with  this  species,  however,  and  differs  from  all  others,  in  the  peculiar 
reticulating   wrinkles   on  tlie  coronal  surface  of  the  teeth.      These 

1  A.  S.  Wowiward :  Cat.  Foss.  Fishes  Brit.  Mus.,  pt.  i  (1889),  p.  12G,  pi.  iii,  fig.  6. 
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wrinkles  are  not  mentioned  in  the  original  description  of  R.  Dacimf 
but  are  well  seen  on  some  of  the  teeth  of  the  type-specimen  in  the 
British  Museum. 

Lamnasekra,  A.S.Woodward.  (PI.  VII,  Figs.  8,  8fl.  83,  9,  9tf,  10, 10a.) 

1889.  Lamna  serra,  A.  S.  Woodward:  Cat.  Foss.  Fishes  Brit.  Mus.,  pt.  i,  p.  400. 
1894.     Lamua  aerray  A.  S.  Woodward:  Proc.  Gcol.  Assoc.,  vol.  xiii,  p.  198,  pi.  n, 

6gs.  11,  12. 
1898.     Zamna  serra,  F.  Priem :  Bull.  Soc.  g6ol.  France  [3],  vol.  xxri,  p.  399,  pi.  x, 

figs.  1-5. 

Several  teeth  from  Maria  Farinha  are  identifiable  with  Lamna  serra, 
which  has  hitherto  been  found  only  in  the  Upper  Cretaceous  (Lower 
Montian)  of  Mont  Aim6,  Mame,  France.  The  dental  crown  is  much 
compressed,  with  both  faces  quite  smooth,  and  the  lateral  denticles 
are  usually  in  two  pairs.  The  root  is  short,  not  bulging  much 
inwards,  while  its  nutiitive  foramen  is  situated  in  a  groove.  A  typical 
lateral  tooth  is  shown  in  Figs.  8,  8a,  86,  bearing  not  only  two  pairs  of 
lateral  denticles,  but  also  an  additional  minute  denticle  posteriorly. 
A  hinder  tooth  (Figs.  9,  9a)  also  has  three  denticles  posteriorly,  but 
only  one  broad  denticle  in  front.  A  comparatively  large  anterior 
tooth  (Figs.  10,  10a)  has  the  outer  lateral  denticle  reduced  to 
a  minute  point.  All  these  variations  are  observable  in  the  British 
Museum  collection  of  teeth  of  Zamna  terra  from  Mont  Aim6  itself. 

Laicna  appbndiculata,  Agassiz.     (PI.  YII,  Figs.  11,  lln,  12,  12a.) 

Three  teeth  from  Maria  Farinha  agree  well  with  those  of  Zamna 
appendiculata,  but  those  from  the  front  of  the  jaw  (Figs.  11,  11a) 
exhibit  unusually  small  lateral  denticles. 

SCAPANOUHYNCHUS   SUBT7LATU8,  AgaSsiz,  Sp. 

Several  small  teeth  from  Maria  Farinha  belong  either  to  this  or 
a  closely  allied  species.  Similar  teeth  are  found  with  Zamna  terra  in 
the  Chalk  of  Mont  Aim6. 

CORAX   PRIST0D0KTU8,  AgaSsiz. 

Large  typical  teeth  from  Maria  Farinha  represent  this  species,  as 
already  noted  by  Cope. 

The  fish-fauna  now  described  evidently  represents  the  latest  part  of 
the  Cretaceous  period,  and  is  of  special  interest  as  affording  the 
earliest  known  evidence  of  Myliobatid  skates.  The  occurrence  of 
Zamna  serra,  which  is  found  with  PalaohalUtum  in  Korthem  France^ 
is  also  remarkable. 

EXPLANATION  OF  PLATE  VII. 

Fio.    1. — Enehodus  tubaquilateraliHy  Cope.     Rieht  palatine,  outer  aspect. 

2. — Ditto.     Right  palatine,  inner  aspect,  snowing  ethmoid  artdcolatioii. 

3. — PalaobaliHum  Jlabellatum^  Cope,  sp.     Imperfect  fish,  one-half  nat.  size. 

cl,  clavicle  ;  orb,  orbit ;  pop.  preoperculum. 
4. — Apocopodon  saicew^  Cope.    Median  tooth, coronal  and  (4a)  lateral  aspects^ 

with  pnrt  of  superficial  ganodeutine  much  enlarged  {4b). 
5. — Ditto.     First  and  second  lateral  teeth,  inferior  and  (5a)  anterior  aspects. 
G. — Jihitioptera  prisca,  sp.  nov.     Portion  of  dentition,  with  part  of  superficial 

ganodentine  mucli  enlarged  (6a). 
7. — Ditto.     Two  median  teeth,  inferior  and  (7a)  anterior  aspects. 


»» 
>» 
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Fio.  8. — Lamna  tmra,  A.  S.  Woodw.    Lateral  tooth,  inner,  (8a)  outer,  and  ifih) 
lateral  aspects. 
,, '    9. — Ditto.    Lateral  tooth,  inner  and  (Off)  lateral  aspects. 
„    10. — Ditto.    Anterior  tooth,  outer  and  (10a)  lateral  aspects. 
„    11. — Lamna  appendimlata,  Agass.     Anterior  tooth,  outer  and  (11a)  lateral 

aspects. 
„    12. — Ditto.    Outer  and  (12a)  lateral  aspects. 

Except  Fi^.  3,  46,  6a,  all  the  drawings  are  of  the  natural  size.  The  original  of 
Fig.  3  was  ootained  from  the  Province  of  Sergipe  del  Bey ;  all  the  other  snecimens 
from  Maria  Farinha,  Proyince  of  Pemambuco.  All  specimens  in  the  National 
Museum,  Rio  de  Janeiro. 


II. — The  Chablsstoit  Eabthquake  of  August  31st,  1886,  nr 

A  Nkw  Light. 

By  William  Herbert  Hobi^, 

Professor  of  Greology  in  the  University  of  Michigan,  and  Secretary  to  the  Committee 

of  Seismology  of  thd  American  Association  for  the  Advancement  of  Science. 

(WITH  A  MAP.) 

« 

WITH  few  exceptions,  surface  dislocations  within  the  earth's  crust 
or  '  earthquake-faults,'  have  heen  described  in  connection  with 
all  earthquakes  of  large  proportions.^  The  Charleston  earthquake  of 
August  31st,  1886,  stands  out  in  some  contrast  with  most  others  in 
this  particular,  and  it  is  further  in  contrast  with  some  other  earth- 
quakes for  the  reason  that  the  phenomena  recorded  in  connection  with 
it  have  not  as  yet  been  brought  into  any  relation  with  the  structural 
geology  of  the  district.  A  partial  explanation  of  this  may  perhaps 
be  found  in  the  fact  that  the  area  most  disturbed — the  so-called 
*  epicentral  tract ' — is  entirely  included  within  the  coastal  plain  of 
the  South-Eastem  United  States.  Upon  this  plain  the  basement  of 
rock  is  covered  to  very  considerable  depths  by  unconsolidated  material, 
and  it  would  perhaps  be  too  much  to  expect  that  displacements  upon 
fracture  planes  in  the  rock  would  be  revealed  in  full  measure  at  the 
surface. 

There  is  good  reason  to  suppose  that,  in  consequence  of  the  easily 
adjustable  nature  of  the  coast  deposits,  considerable  displacements 
upon  fracture  planes  in  the  rock  basement  would  at  the  surface  of  the 
ground  be  represented  only  by  *  ploughshare '  effects,  opened  fissures, 
and  lines  of  *craterlets,'  the  latter  due  to  the  rapid  expulsion  of 
water  at  points  along  the  fissures.  As  shown  by  the  extensive  report 
of  Major  Button,'  all  these  phenomena  appear  to  have  been  developed, 
thousands  of  fissures  of  variable  but  generally  small  dimensions  having 
been  opened  throughout  an  area  for  about  600  square  miles,  while 
the  craterlets  were  perhaps  as  largo  and  as  numerous  as  in  the  case  of 
any  other  earthquake  that  has  been  described.  It  was  further  observed 
that  the  surface  of  the  ground  was  in  places  thrown  into  a  series  of 
ridges  and  valleys,  and  that  where  these  furi'ows  cross  the  railway 
right-of-way  the  embankments  exhibited  changes  of  the  same  nature. 

*  For  a  list  of  such  diHlocations  formed  in  connection  with  the  better  known 
earthquakes,  see  Gerlamrs  **  Beitraege  zurGeophvsik,"  vol.  viii  (1907),  pp.  236-253. 

2  C.  E.  Button,  **  The  Charleston  ilarthquuke 'of  August  31st,  1886  "  ;  9th  Ann. 
Kep.  U.S.  Geol.  Surv.,  1890,  pp.  203-528. 
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As  we  have  elsewhere  pointed  out,*  active  craterlets  formed  in 
connection  with  earthquakes,  like  the  fissure  springs  of  which  they 
arc  the  ephemeral  and  much  overgrown  representatives,  appear  to  he 
arranged  upon  fracture  plnncs,  and  are  located,  in  many  cages  at  least, 
at  the  intersections  of  such  planes.  If,  therefore,  we  can  secui*e 
a  correct  map  of  the  craterlets  within  an  earthquake  district,  this  mup 
should  reveal  the  outlines,  at  least,  of  the  fracture  system  within  the 
province.  Notwithstanding  the  fact  that  an  alignment  of  craterlets 
along  earthquake-faults  and  fissures  has  heen  often  pointed  out,  it  has 
not  generally  hcen  thought  important  to  accurately  locate  them.  The 
unique  exception  is,  pei*Iiaps,  the  map  prepared  hy  Major  Dutton  and 
printed  in  connection  with  his  report  upon  the  Charleston  earthquake.' 

A  mere  glance  at  the  map  in  question  (reproduced  with  some 
additional  lines  on  p.  199)  discloses  the  fact  that  the  areas  con- 
spicuous for  craterlets  are  aligned  within  zones  strongly  marked 
out  in  at  least  a  numher  of  instances.  Perhapa  the  most  striking 
examples  are  to  he  ohserved  within  the  area  to  the  south  and  south- 
west of  the  station  of  "Woodstock,  where  the  lines  trend  north-easterly. 
Throughout  the  district  afPected,  however,  similar  if  less  striking 
alignments  are  to  he  ohserved.  Such  lines  mark  out  lanes  of 
maximum  disturhance  at  the  surface,  and  through  them  we  are 
enabled  to  study  the  distribution  of  surface  intensity  of  shocks  in 
connection  with  the  Charleston  earthquake. 

We  are  in  this  instance,  further,  especially  fortunate  in  having 
another  excellent  guide  to  the  surface  distribution  of  seismic  intensity, 
and  one  the  full  significance  of  which  seems  to  have  been  overlooked. 
The  *  epicentral  tract '  is  crossed  by  three  radiating  lines  of  railway 
which  afford  well-distributed  sections  along  which  location  is  especially 
accurate.  Grading  the  intensity  of  the  shocks  is  furthermore  facilitated 
along  the  line  of  the  railways  for  the  reason  that  a  structure  of 
essentially  uniform  elasticity  and  rigidity  extends  throughout  the 
sections.  The  examination  of  the  tracks  to  collect  the  evidence  upon 
the  distribution  of  damage  was  made  by  Mr.  Earle  Sloan,  apparently 
a  very  careful  observer.  The  report  shows  that  sometimes  for  miles 
within  the  'epicentnU  tract'  the  trucks  reveal  little,  if  any,  serious 
damage,  but  such  areas  of  little  disturbance  are  succeeded  by  relatively 
narrow  zones  within  which  fish-plates  arc  torn  out,  joints  opened,  and 
in  a  verv  considerable  number  of  instances  the  tracks  are  thrown  into 
a  local  *  kink  *  or  S-shaped  distortion.  No  simple  law  was  found  to 
determine  the  intervals  between  successive  points  of  such  maximum 
derangement  to  the  track,  but  Major  Dutton  has  drawn  the  conclusion 
that  upon  each  railway  line  the  distribution  of  damage  indicates 
a  central  maximum  from  ^vhich  the  intensity  falls  away  upon  either 
8id(?  hy  a  law  expreswd  in  a  very  simple  reversed  curve  whose  fonu 
resembles  the  Hogarthian  line  of  beauty,  and  has  been  named  by  him 
an  indicator. 


^  AV.  n.  IIobbF,  *•  Topoprapliio  Features  formed  at  the  time  of  Earthquakes,  and 
on  the  Origin  of  the  Mounds  in  the  Gulf  Tlaiu  " :   Amer.  Journ.   Sci.,  4th  ser.. 


vol.  xxiii  (1907),  pp.  215-26G. 
2  J.oc.  tit.,  pi.  xxviii. 


Prof.  W.  H;  Sobbi~Tbe  Ckailetlon  EarlAqunke,  1886.     199 
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To  the  present  writer  the  data  given  failed  to  eupport  the  view  of 
a  gradation  in  intensity  away  from  any  central  maximum ;  but 
indicate  rather  many  strictly  local  maxima  where  the  track  has  been 
severely  wrenched,  separated  from  each  other  by  relatively  large 
distances  of  damaged  minima.  In  the  following  lists  we  have 
summarized  from  the  report '  the  data  collected  from  the  damage 
observed  by  Mr.  Sloan  along  each  of  the  three  railroads  which  cross 
the  district. 

South  Carolina  Railway. 
Maee.« 
3f .    Rails  bent  and  large  displacements.    Joints  opened. 

5.  Fish-plates  torn  and  joints  opened. 

6.  Joints  opened  and  bed  depressed  6  inches. 

9.       Serious  flexure  of  the  track.     Train  derailed. 

10.  Ten  Hile  Hill  station.     Most  marked  development  of  crater- 

lets.      Severe  distortion  of  track  where  branch   road  to 
LamVs  leaves  main  track. 
lOi.     Another  severe  flexure  of  track.    Track  driven  longitudinally 
to  the  south-eastward  so  as  to  form  double  or  S-shaped 
curve. 

11.  Track  parted  longitudinally  with  gaps  of  7  inches  between 

rail  ends.     Depression  of  18  inches  for  length  of  60  feet. 
IH.     Opening  of  joints  by  as  much  as  7  inches.     (From  llj^  to 

15^  miles  no  sharp  kinks.)     A  little  beyond  Ladson's. 

Tracks  sharply  flexed  with  double  curvature. 
\%\.     Another  severe  flexure. 
1 9 j^.     Still  more  complex  flexure,  and  500  feet  further  a  kink  in 

the  track. 

20.  Manv  serious  flexures. 

21.  Track  distorted  vertically  and  horizontally. 

21$.     Summerdlle,  numerous  sharp  flexures.     (For  next  six  miles 

little  disturbance.) 
271.     Jedbui'gh,  severe  buckling  of  track. 

Norih-Eoitern  Railway. 

H.     Lateral  flexure  of  rather  large  radius.     Large  track  of  soft 

ground  moved  bodily. 
4.       Track  makes  slight  curve.     Noteworthy  distortion. 

6.  400  feet  of  track  depressed  with  a  maximum  of  22  inches. 

7.  Track  depressed  over  culvert,  etc. 

8.  Slight  flexure. 

8-i%-.  Embankment  16  feet  high  depressed  10  inches  with  indication 
of  forcible  vortical  wrench. 

9.  (Approximately.)     Whole  superstructure  shifted  4  inches  to 

the  eastward. 
9J^.     Craterlcts  which  ejected  sand  13  feet  high. 
9^.     Fish-plates  broken  and  rails  parted  8J^  inches. 
9^.     Superstructure  shifted  to  eastward. 

*  Loo.  cit.,  pp.  282-30C. 

*  All  distances  are  from  the  Charleston  terminus. 
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Miles. 

10.       Most  important  displacement.     Embankment  15  feet  high 

was  pushed  4}  feet  eastward  and  kink  produced  in  track. 
lOi.     Wing  wall  of  culvert  broken.     Embankment  depressed, 
llf.     Much  vertical  movement.     Trestle  damaged. 
12.       Another  great  disturbance.     Fish-plates  broken  and  joints 

opened.       Cracks    running    N,    40^    E.    crossed    track, 

**  developing  into  a  series  or  network  of  cracks  throughout 

a  belt  150  feet  wide  and  700  feet  long." 
1 2f .     Culvert  collapsed. 
\3i.     Brick  club  house  destroyed. 
15i.     Goose  Creek.     South  end  of  trestle  deflected  eastward,  and 

north  end  to  westward. 

Charleston  and  Savannah  Railway, 

The  tracks  of  this  road  are  those  used  by  the  North- Western  for 

some   miles  out  from  the  Charleston  station.     From  the  point  of 

departure  no  serious  damage  to  the  track  was  found  to  the  east  of  the 

Ashley  lUver. 

Miles. 

1 1  j .     Ashley  Biver.    River  banks  had  been  brought  nearer  together. 

Drawbridge  jammed.     West  of  river  the  joints  of  rails 

were  opened. 
16}-.     Kantowlc's  Bridge.     Drawbridge  shifted.     Banks  brought 

nearer  together. 
18.       Eantowle's   Station.      Track    sharply  kinked    into    double 

fracture.     Embankment  depressed  two  feet. 
18-A--  Embankment  showed  a  depression  of  one  foot. 
20yV.   A  maximum  of  lateral  displacement. 
22i^o-.  Here  serious  flexures  which  stopped  abruptly. 
25-jV-    Hoadbed  depressed  six  inches. 
25-A-   300  fiKjt  of  track  depressed  1 J  feet. 
26.       Sinuous  flexures  in  track. 

Upon  the  map  printed  with  Dutton*s  report  to  show  the  arrangement 
of  craterlets  within  the  *epicentral  track,'  we  have  carefully  plotted 
the  data  contained  in  the  above  lists  (see  Map,  p.  199).  Before  these 
data  had  been  plotted,  however,  lines  had  been  drawn  to  join  the 
areas  of  craterlets,  and  these  lines  extended.  As  soon  now  as  the  loci 
of  special  damage  to  the  tnicks  had  been  plotted,  it  was  seen  that 
these  points  lie  where  the  narrow  zones  of  craterlets  extended  and 
intersect  the  railway  tracks.  In  consideration  of  the  exactness  with 
which  these  correspondences  occurred,  there  seems  to  be  no  reason  to 
doubt  (1)  that  the  lines  of  craterlets  extended  arc  the  projections 
upon  the  surface  of  the  ground  of  the  fracture  planes  within  the  rocky 
basement  upon  which  differential  movement  occurred  at  the  time  of 
the  earthquake ;  (2)  that  the  areas  of  craterlets  shown  upon  the  map 
correspond  in  the  main  to  projections  of  the  intersections  of  such 
earthquake-faults ;  and  (3)  that  the  faults  are  arranged  in  essentially 
parallel  series,  of  which  two  senes  are  more  conspicuous  than  the 
others.     Their  prevailing  directions  are  about  X.  65°  E.  and  N.  10°  W. 

The  data  compiled  in  the  report  arc  susceptible  of  more  elaborate 
analysis  than  has  here  been  attempted,  since  we  have  sought  only  the 
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points  of  local  wrcneliiDg  of  the  tracks.  As  in  tho  caso  of. most 
earthquakes,  the  observations  show  abundant  evidence  that  large 
blocks  of  the  crust  hiive  been  shifted  laterally  and  vertically,  with 
lesser  adjustments  of  tlieir  component  parts.  When  within  the  area 
covered  by  railway  tracks,  these  adjustments  may  be  measured  by 
those  displacements  of  the  right-of-way  wliich  are  indicated  by  lateral 
displacements  between  points  of  special  wrenching.  The  Charleston 
earth(iuake,  in  the  light  of  the  established  relationships,  is  brought 
into  harmony  with  the  greater  numbt^r  of  large  earthquakes  which 
have  been  carefully  studied  in  recent  times. 


III. — Notes  on  thk  Osteology  of  Opiitualmosavrus  icesicus, 
Seeley,  an  Ichthyosauri  an  Hkptile  feom  the  Oxfobd  Clay  of 
Peterborough. 

By  C.  "W.  Andrews,  D.Sc,  F.R.S.,  British  Museum  (Natural  History). 

DURING  tho  last  few  months  the  preparation  of  a  descriptive 
catalogue  of  the  magnificent  collection  of  reptilian  remains 
obtained  by  Mr.  A.  N.  Leeds  in  the  Oxford  Clay  of  Peterborough,  has 
rendered  it  necessaiy  to  examine  in  some  detail  the  fine  series  of  more 
or  less  comj)lete  skeletons  of  Ophthalmosaurus  preserved  in  tho  British 
Museum.  In  the  courses  of  this  examination  a  certain  number  of  new 
facts  have  come  to  light,  and  since  it  will  be  some  time  before  the 
detailed  description  can  appear  it  seems  desirable  to  give  a  brief 
account  of  some  of  the  more  interesting  points. 

Comparison  of  a  number  of  these  skeletons  with  one  another  shows 
that  an  extraordinary  degree  of  variability  in  the  form  of  many  of  the 
bones  occurred,  the  ditforences  in  the  shape  of  ceilain  elements,  such 
as  the  ([uadrates  or  th(?  basi-occipitals,  being  so  great  in  different 
skeletons  that  if  thes(;  bones  were  found  isolated  they  would  almost 
certainly  be  referi(jd  to  different  species.  Further  examination 
shows  that  tliis  would  not  be  justifiable,  since  two  skeletons  of 
which  the  quadrates  diifcr  may  have  pi-ecisely  similar  basi-occipitals, 
or  vice  rend  J  the  same  thing  holding  good  in  the  wise  of  other  parts. 
In  fa(!t,  if  any  one  part  of  the  skeleton  were  taken  as  tho  standard  of 
conii^arisoii,  five  or  six  species  might  be  established  which  would  not 
coincide  with  those  that  would  be  formed  if  anotlier  part  were  employed 
in  diagnosis.  These  variations  are  partly  rt^al  and  partly  apparent. 
Tlie  leid  differences  tiwm  to  be  the  result  of  the  persistence  of  a  large 
amount  of  cartilage  in  the  skeleton  of  these  marine  reptiles,  tho 
conscfjuenoe  of  this  being  that  the  actual  form  of  the  bones  dei)ends 
larjjoly  on  the  extent  to  which  ossification  had  proceedtKi,  and  in  any 
case  is  less  delinite  than  in  land  animals.  The  apparent  differences 
aic  due  to  the  ]nvssure  to  which  the  bones  have  been  subjected. 
This  often  leads  to  deformation  without  any  actual  fracture  being 
visible,  and  is  particularly  noticejible  in  the  case  of  tho  vertebne, 
the  centra  of  which  may  be  {shortened  by  nearly  half  their  length 
without  anv  other  distortion.  For  the  above-mentioned  reasons  it 
has  therefore  seemed  best  to  refer  all  the  specimens  to  the  species 
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OpkthtiimoMitru*  iemieiu  described  in  1BT4  by  Profcisor  Seclcy '  fron 
a  >hoiilder-girdle  and  fore-paddic  includfd  in  the  Tweeds  Collection. 

Recently  a  number  of  papers  hare  buen  publinhed  by  Knigbt,* 
Gilmore,*  nod  others  on  tbe  skeleton  of  the  Amcricsn  Ichthymtnr 
Bftanodem,  a  cflntemporaTy  of  the  Eaj^lish  OphthalmMawnu,  from 
vbich  indeed  there  eeems  no  real  re&<ion  for  Bcpentting  it,  although 
tlie  above -mentioned  writera  are  not  of  this  opinion. 

The  restored  figure  (Fif;.  1)  of  the  sliull  shows  that  one  of  the  most 
notable  characters  is  the  immcnae  relative  siite  of  the  orbits,  which 
occupy  practically  all  the  lateral  aspect  of  the  posterior  reginn,  the 
bones  behind  and  below   them   (postorbitals,  jugal,  quodiutojugols) 


About 

„    nnjrular :  ai  (,  articular :  b.ae.  bnai-occipilal ;  detil.  dentnry  ;  /.  torameQ 

between  i[usdralr  iind  qundru1oju;>»l ;  j.  ]u<;iil ;   /.  lachrf mal  i   mx.  maxilla; 

w.  UHsl ;   Har.  eitcrnal  niirLii ;  pur.  pnrietal :  pmi.  premnilJa ;   po.f.  post- 

fruntal ;  p. or*,  poitorbital ;  pr.f.  prffroEtiih  j.  qusdrute:  q.j.  <]iiadratoJugal ; 

i.iMf .  Ruran){;ular:  *r/.r.  ■clerotic  rinj; ;  tji/.  splenial ;  >;.  squamiMl ;  tl.aiai\ye»; 

mp.l.  lupnteoipuTal. 

forming  only  a  narrow   band.      .Another  pcculinr    feature    is    the- 

presence,  on  the   anterior  part  of   the  juwa  only,  of  small,  loosely 

attached  teeth,   which   in   many  apci^iinens  arc   not   found,   though 

whether  teeth  were  actuully  ultogethcr  wanting  in  adult  animals  or 

whether  tliey  have  bci'ii  lust  after  death  is  unccrtiiin. 

In  dome  of  tho  specimens  the  condition  of  the  bones  forming  the 
poi^rior  wirfucu  of  the  skull  has  made  it  possible  to  attempt  a  restoration 
of  this  region,  of  which  a  number  of  more  or  li'ss  inaccurate  tipiires, 
mostly  from  skulls  of  /cAWyoMHrKt,  have  been  published.  Ftg.  2  shows 
the  relation  of  most  of  tho  bones  of  this  repon  to  one  another ;  the- 
piD-otic  has  been  omitted  because  its  position  is  doubtfnl,  and  the  parietal 
also  is  not  drawn.  It  will  be  noticed  that  the  whole  arrangement  seems 
to  be  designed  to  impart  the  maximum  pos*ible  degree  of  rigidity  to 
the  quadrates.  The  stupes  {'<(.'),  which,  as  usual  in  the  group,  have  lost 
their  auditory  function,  unite  firmly  with  tho  bosi- occipital  by  their 
expanded  inner  ends,  while  their  outer  extremities  fit  into  pit-like 

>  QuMt.  Jouni.  Geol.  3oc.,  toI.  m  (187+),  p.  G&6,  pbi.  ilv,  ilvi. 
»  Amer.  Joura.  Sci.  H),  vul.  \Ti  (111031.  p.  Tti. 

>  Uemsin  Cunegia  Miueuni,  toI.  ii  (1905),  pp.  77.  329. 
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facets  of  the  quadrates;  below  they  ]ie  is  a  grooTe  on  the  upper 
surface  of  the  ptetygoidB  (^pt.),  the  postero- external  win^  of  whicli 
also  unite  firmly  with  the  inner  surface  of  the  quadrates.  These 
iMnes  are  further  supported  above  by  the  squamosals  (f.i.*?-),  which 
closely  embrace  their  upper  ends  and  send  down  their  inner  faces 
processes  which  overlap  the  ascending  processes  of  the  pterygoids. 
The  squamosals  themselves  are  further  supported  by  the  outer  ends  of 


■at,  See1«y.    IteconstnictioD  of  the  posterior  surface 


FlO,  2.—0phlhalmiaUT« 

of  skull.    About  i  m 

art.  articuliir  surface  o[  quiidrst« ;  boe.  baii-ocoipitad ;  cond.  occipital  coodflB ; 

fxo.  exoccipiUl ;  fer.  foraniBU  in  aupra-oocipilal ;  for.  mag.  foramen  ms^um  ; 

op.  opisthutic  ;  op.f.  facet  f<ir  opisliiotic  ;  p.  prooesa  of  aupra-occipital  projeetinff 

into  lonimeo  nmgnuni ;    pa.f.   facet  for  pnrietal ;   p.h.iq.  panetal  branch  of 

squnniaeBl ;  p.t.e.  poatero-eilfniBl  angle  of  gqumnoeBl ;  pi.  pteiy^id  ;  pt.fut. 

post-temporal   fowa ;    q.   quadrate  ;    q.b.ig.   quadrate  branch  of  squamosal ; 

q.j.   quadratoju)^! ;   me.  supra- occi pittil ;    if.  Htapes:   t.b.iq.  tempoial  hraocb 

of  squamosal ;  i:i,  foranien  for  posterior  branch  of  tbe  hj-poglossal  nerve. 

the   opisthoticB  {pp.),  which  internally  rest  upon  the  bosi- occipital 

and  the  cxoccipitals.     The  supra-occipital  {too.)  consists  of  a  lateral 

«piutic  region,  which  in  impi'cssed  by  two  of  the  semicircular  canals, 

and  a  posterior  occipital  region,  which  is  perforated  on  either  side 

oC   the   middle   lino   by  a   lurgc  foramen    {for.),    which   may   have 

transmitted  n  blood-vessel  or  may  possibly  have  something  to  do  with 

the  peculiarly  modified  auditorj'  appuratua,  and  have  served  for  the 

paiisagc  of  an  enhirgcd  ductus  tndiilymphatieut. 

The  other  parts  of  tiie  skull  do  not  present  any  peculiarities  of 
euffieicnt  importance  to  be  noticed  here.  The  sclerotic  ring  consists 
of  ubout  fourteen  platen,  which  are  united  by  sutui'e  and  bend  round 
on  to  the  posterior  siirfuco  of  the  eyeball,  us  was  pointed  out  by 
Owen  '-in  lehthyoaaarui  and  recently  by  Gilraore '  in  Jiaptanodon. 
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The  Tertebral  column  consisted  of  about  122  TertebrsB.  The  centra 
of  the  atlas  and  axis  are  closely  fused,  and  only  in  yery  young 
indiyiduals  are  any  clear  indications  of  their  original  separation  to  be 
obscryed.  Behind  these  are  about  thirty-eight  yertebrae,  which  may 
be  regarded  as  precaudal;  these  bear  both  parapophyses  an4 
diapophyses  for  the  articulation  of  the  ribs;  these  processes  when 
followed  from  before  backwards  are  found  to  descend  on  the  side  of  the 
centra  and  approach  till  they  finally  unite  on  about  the  forty-first 
yertebra,  which  may  be  regarded  as  the  first  caudal ;  in  a  few  cases 
this  union  may  take  place  on  one  side  one  or  two  yertebrae  further 
forward  than  on  the  other,  there  being  two  facets  on  one  side  and  one 


9  o -tof 


Fie.   3. — OphthalfM»aurtu  ieenicus,  Seeley.     Ventral  surface  of  right  fore-limb» 
About  \  nat.  size. 

h.  humerus ;    int.  intermedium ;    p.  pisiform ;    r.  radius ;    rod.  radiale ; 
u.  idna ;  uln,  ulnare ;  1-4,  distal  row  of  carpals ;  i-v,  the  five  digits. 

on  the  other  in  these  centra.  The  caudal s  arc  about  eighty-two  in 
number;  they  bear  single  rib  facets  till  just  in  front  of  the  point 
where  the  column  bends  down  into  the  caudal  fin,  and  it  appears  that 
chevrons  also  were  present  in  this  region.  A  little  in  front  of  the 
bend  aboye  referred  to  the  centra  diminish  yery  rapidly  in  size  ;  they 
are  also  less  definite  in  form  and  haye  rounded  edges,  probably  because 
more  flexion  took  place  at  this  point  than  elsewhere.  The  bend  itself 
is  cansed  by  the  presence  of  fiye  or  six  centra  which  are  more  or  less 
wedge-shaped,  being  longer  dorsally  than  ventrally.  Behind  the  bend 
there  may  be  as  many  as  forty-eight  yertebraB,  the  centra  of  which 
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are  well  ossifiiKl  with  slmrply  dcfineil  (^fes.  The  ncuml  m-chos  wem 
to  have  persisted  tn  tlic  extrt'tne  I'liJ  of  tho  tiiil,  ond  then,'  may  huve 
been  very  emalt  cUcti'oiis  also. 

Tho  neural  iiivhoK  of  Bonio  of  the  anterior  cervical  vcrtohrffi  consist 
of  two  lateral  jiieco!',  ami  in  this  e:i«j  tho  anterior  and  postenor 
zyfcapopliyscfl  are  puiii!«l.  Furtlier  biiik  tlic  arch  shown  no  trace  of 
division  into  hulvcs  and  the  iintoiior  nnil  posterior  zygapophyscs  unite 

form  single  nio<1i:in  facets. 

The  iMTcatidHl  rihs  are  douhle-hcaileil,  tlieir  capitnlar  iind  tubercular 
process  being  corn piiriiti vol y  leiig.  The  body  of  the  ribs  is  Rroovcd 
Ion Kitudin ally  on  its  antivior  atid  posterior  surfiiees,  which  must  have 
added  ciin>:i(ieriil)iy  to  their  ligidity.  Only  fragments  of  slender 
(■eiitiid  ribs  have  been  found. 


nlml   [uul*r)    surrjcf. 
f.  fn«t  l->r  iltum;  iKh.  ischium:  i^.f.  ublurutur 


Tile  shell  Ider-j-inlte  has  been  describeil  and  iipured  bv  Professor 
Sefh-y.'     The  eeniroids  iiie  briiad  ]diites  of  bone,  greatly  tlnekeued  in 

u'ir  ]»tslrrior  bunlcr  ia  eouvi'x,  while  the 
lo  tin-  pri'sciiee  of  a  wide,  shai-ply  dcfinul 

':i<'()iils  united  witli  i>ue  iinotlier  in  a  lar^e 
cartilai;inoiis  .•.yniphysis  l  I'Xtei-iiiilly  they  bear  a,  short  uuti'rior  facet 
for  union  with  llie  sciipiihi  ami  a  much  larger  posterior  cartihiRC- 
covrred  surface  for  llii'  liuinirus.  The  scapula  eoniiists  uf  a  narrow 
dorsal  blade  and  an  I'Xpiitideil  mid  lliii:keiied  ventrul  region,  which 
bcai-s  a  fai-et  for  iiuion  with  the  corneoid,  iind  iH'hiiid  this  a  sniull 
BUli'ai'O  wliieli  eDmjdeled  the  filciu.id  ciivity  in  front.  On  thc'antcrior 
border  of  tlie  seupiilte  is  a  roughened  surface  marking  the  line  of  union 


r  middle  portin 
Internal 


»  Qui. 


Jixini.  c;,.„l.  S,,!'.,  1 
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ilS7J),  p.  G9G,  pb.  slT,  ilvi ;  bIso  Troe. 
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with  the  outer  end  of  tho  clavicles.  These  are  strongly  curved  bones, 
terminating  externally  in  b  poiut  iind  uniting;  with  one  nnothor  in  the 
middle  line  by  an  im^f^ularly  intcr<li^itiktiag  suture,  which  may  hare 
been  obliterated  in  a<U-aneed  life.  The  upiwr  surface  o£  tho  middle 
portion  of  tho  claWcular  arch  is  deeply  channelled  for  the  reception  of 
the  anterior  bar  of  the  T-shaped  iiitcrcluvicle,  the  posterior  process  of 
vhieh  extends  back  beneath  tho  coracoid  Hyrapbysis. 

The  fore-limb  [FiK.  3,  p.  205)  is  much  lurger  than  the  hind,  and  forms 
a  vide  and  powerful  paddle.     The  humerus  (h.)  is  a  short  and  very 


FlO.  5.-0pha«hm.'«m;,.  U-a-in.-..  Sp,.|eT.     I^.ft  liiiiil-lim 

I>.     A.  .l.ir-^il  Miit;i<-.- of 

pnddic ;  B,  ivntnil  Mirt*-e  -if  f.Tiiur :  C,  pMiimal  eu.l 

ut  ft'tuur;  11,  .li>hiUad 

of  lemur.     Aln>Ht  i  nut.  si;!... 

«.i.  anterior  lionliT  c.f  |m"ciniul  ■■ii.l  of  fciiiiir :  "...  a 

ulcri..r«ivfnn.M.f  fMiiur; 

4.r.   il.«wil  riilRO  .>{   |-.niur:   f.  tii.ul:i;    f.f.   liiri   t. 

.r  liliulii:  Jib.  (ilmliirp: 

i«(.  inUTniMliuni:   /./-.  lowor  l...r,lrr  .H  y\.,\\m\\\  .■ml  ■ 

i<r  ivmat:  fJ>.  iKislprinr 

bonlKr  of  iiit.l<i :  (.  tilnii;    l.f.   iatA   l.ir  lihiu  ;    /.*.  1 

i\'i:,\,':   1-III,  tiio  tlinv 

di^tt.      In  tiiriint  (J  lUc  Imn  a-h  iiinrk.^  Ihri  <1irivlii>u 

..1  t'.io  lou;;  axL-  i.l  thu 

distal  ead  i>f  tliu  l>ine  in  ivIiiUoii  tn  lliu  [ircixiuiul  ciiil. 

rtout  bone,  the  distnl  end  nf  whi.-li  is  cypniid.-d. 

and  ailioulates  with 

the  radius  (r.).  ulnii  'ji.'),  and  to  a  viiryiiif;  dcirrcc  with  a  pij,stn\ial 
element,  usually  n^pinh-il  o^^  t!i<i  pisif.mn  '/'.).  'i'hf  pnixiinal  mvr  of 
carpnls  consist*  of  the  rudiak  [rail.),  tlie  ititiTniPiliuui  'iiil.).  and  the 
ulnarc  (»/«.).  Then'  are  livi-  ilif-itM  (i-v),  tlii>  ]io^tnxi;d  one  borae  by 
the  pisiform  bcinp  miicli  if^luccd.  Tlw  piidtUc  l>ii|[|.'s  do  not  form 
a  claic  mosaic  a*  in  most  lihlliyosaurs,  but  siriii  to  h:ive  been 
sepaiBtod  by  a  eoni'iihTublc  amount  of  curtilage  tliiMiii^hout  life. 
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The  pelvis  and  hind-limb  are  small  and  evidently  undergoing 
reduction.  The  ilium  is  a  sickle-shaped  bone,  thin  above,  but 
thickening  towards  its  ventml  end,  where  it  bears  two  articular 
surfaces,  one  forming  part  of  the  acetabulum,  the  other  uniting  with  the 
ischio-pubis;  probably  all  connection  with  the  veitcbral  column  was  lost. 
The  pubis  and  ischium  (Fig.  4)  are  fused  with  one  another  at  their 
upper  and  lower  ends,  the  line  of  separation  being  marked  by  a  slit- 
like foramen  {ob.f,)  and  sometimes  by  a  notch  in  the  ventral  border. 
At  the  thickened  upper  ends  of  the  combined  bones  there  arc  two 
roughened  surfaces,  the  smaller  (*7./.)  for  union  with  the  ilium,  the 
larger  {acet.)  forming  the  greater  part  of  the  acetabulum;  the  two 
bones  are  so  closely  united  at  the  upper  end  that  even  in  very  young 
examples  it  is  impossible  to  determine  what  share  in  the  formation  of 
these  facets  is  taken  by  each.  Distally  the  bones  are  thin,  and  there 
is  no  clear  indication  that  the  opposite  sides  met  in  a  median 
symphysis. 

The  femur  (Fig.  5),  though  much  smaller  than  the  humerus,  is  on  the 
whole  very  similar  in  form  to  that  bone,  with  the  important  exception 
that  it  unites  distally  with  two  elements  only,  the  tibia  {L)  and 
fibula  (/.).  Of  these  the  fibula  is  the  larger,  at  least  except  in  some 
cases  in  which  the  thin  anteiior  edge  of  the  tibia  is  fully  ossiBed. 
The  proximal  row  of  carpals  are  three  in  number,  the  tibiale  {ttb,\ 
intermedium  (int),  and  fibulare  {fih,);  the  distal  ro#  also  consists  of 
three  only,  while  the  remainder  of  the  tridactyl  (i-iii)  paddle  consists 
only  of  irregularly-shaped  metatarsals  and  nodule-like  phalanges. 

The  above  account  is  merely  a  brief  summary  of  the  complete 
description  which  will  be  given  in  the  Catalogue  and  illustrated  with 
figures  of  most  of  the  bones  of  the  skull  and  skeleton. 


IV. — Sedgwick  Museum  Notes. 

New  Fossils  fbom  Haveefoedwest. — VII. 

By  F.  R.  CowPER  Reed,  M.A.,  F.G.S. 

(PLATE  VI.) 

Sladina  cateniformis,  gen.  et  sp.  nov.     (PI.  VI,  Figs.  l-7a,  ?  8-9fl.). 

IN  the  Slade  Beds  of  Upper  Slade  there  occur  small  flattened  leaf -like 
bodies  generally  fused  together  in  a  linear  series  of  2-4,  but  some- 
times singly.  These  fossils  have  a  somewhat  puzzling  aspect,  but  they 
may  be  referred  witliout  any  doubt  to  the  Bryozoa,  though  to  a  new 
and  undescribcd  genus  and  species. 

Biagnoais, — Zoarium  composed  of  a  single  linear  row  of  leaf -like 
segments,  each  of  which  is  usually  lanceolate  in  shape,  thin,  flattened, 
and  tapering  anteriorly.  The  segments  ai'e  generally  graduated  in 
size,  and  each  is  fused  by  its  apex  to  the  base  of  the  one  preceding  it, 
but  the  terminal  one,  which  is  the  smallest  and  narrowest  of  the 
series,  ends  freely  in  a  point,  and  possesses  a  perfect  lanceolate  form. 
Each  leaf  is  bilaterally  symmetrical  and  unilaminar ;  the  reverse  face 
is  slightly  convex,  ridged  axially,  and  covered  with  a  thin  epitbeca 
hearing  a  median  longitudinal  midrib  continuous  from  leaf  to  leaf 
throughout  the  whole  series  in  the  zoarium ;  on  each  side  of  the  midrib 
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are  rather  strong  arched  longitudinal  striro,  indicating  by  their  pointed 
lanceolate  arrnngement  and  invasion  of  the  base  of  the  pixiceding 
segment  that  the  leaves  overlap  each  other  successively.  There  is 
occasionally  a  short  stalk  present  in  the  basal  and  apical  segments 
(and  paired  lateral  spines  may  be  present).  The  celhiliferous  face  of 
each  segment  is  iiat  and  shows  the  one  layer  of  cells  arranged  in 
rather  iiTegular  rows  diverging  in  a  fan-shaped  manner  from  the  base  ; 
the  median  rows  are  more  or  less  subparallel  and  continuous  from 
leaf  to  leaf  without  a  break,  and  are  composed  of  short  cells  of  equal 
size,  very  oblique  to  the  surface ;  the  lateral  rows  diverge  more 
strongly  to  the  sides  and  are  irregular,  and  the  cells  are  subequal  in 
size,  somewhat  larger,  shoi*tor,  and  less  oblique  to  tlie  surface,  so  as 
to  form  a  close  polygonal  mosaic  ;  in  a  leaf  5  mm.  long,  15-20  cells 
may  be  counted  round  each  lateral  margin,  and  10-15  across  the 
widest  part  of  the  leaf,  the  number  varying  with  the  size  of  the  leaf, 
but  the  size  of  the  cells  remains  fairlv  constant. 

Dimensions : 
I. 

^^HSnl     J&nl       a*«  ■••  •••  •  -  •  •  9  m 

i*1  J  Clillt?  •••  •••  ■•«  «••  ••• 

^\  UlCrttl  •••  •••  •*•  ••  ••• 

II. 

Basal    leaf    (showing:      )  /n    t-  *         Ti\ 

transverse  constriction  ;  y\  ^.  '     1    ,/ 

..r  compound   nature)  )  ('""'-■"•"'  P"*) 
Middle  leaf 
■Anicai       •••         ••.         •••         .••         ••. 

III. 
Posterior  leaf 
interior  ...         ...         ...         ...         ... 

In  No.  II  the  basal  leaf  shows  a  transverse  constriction  which  may 
indicate  that  it  is  composed  of  two  almost  completely  fused  leaves,  or 
the  constriction  may  be  of  a  secondary  nature,  which  would  ultimately 
result  in  the  division  of  the  one  leaf  into  two  and  thus  increase 
the  number  of  segments  of  the  zoarium. 

Isolated  leaves :  length,  4-0-50  mm. ;    width,  20-2-25  mm. 

There  are  two  other  specimens  (PI.  VI,  Figs.  8-9rt)  which 
probably  represent  a  variety  or  another  and  later  stage  of  growth 
in  the  same  species.  One  of  tliese  consists  of  a  modified  leaf  of  the 
same  type  as  the  foregoing,  with  the  usual  medianly  ridged  epithcca 
on  one  side  and  the  radiating  rows  of  cells  on  the  other.  Eut  instead 
of  being  of  a  lanceolate  shape,  it  is  subrhomboidal  and  considerably 
broader  than  usual ;  the  two  longer  sides  meet  at  the  apex  at  about 
75^,  and  the  two  sliorter  ones  at  the  base  at  rather  more  than  a  right 
angle ;  the  base  is  produced  into  a  short  point,  but  the  lateral  angles 
are  furnished  with  long  straight  tapering  spines  directed  at  right 
angles  to  the  axis  of  the  leaf,  and  marked  by  a  median  groove, 
but  apparently  not  cell ul if e reus.  In  length  they  are  equal  to  about 
two-thirds  the  greatest  width  of  the  leaf.  At  the  apex  of  the  leaf  we 
see  attached  in  the  usual  way  a  very  small  slender  lanceolate  leaf  of 
aboat  half  the  length  of  the  main  one.  Length  of  large  leaf,  5  0  mm. ; 
maximum  width  of  ditto,  4*5  mm. ;  length  of  small  leaf,  2*25  mm. 
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Ijenprth. 
4  75 
4-00 

?300 

Width. 
3-00  mm. 
2*75  mm. 
I '50  mm. 

2-50 
400 

2*75  mm. 
3  00  mm. 

3-75 
2-25 

2*75  mm. 
l'25mm. 

5-25 
6  25 

4'26mm. 
4*00mm. 
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The  other  specimen  (PI.  VI,  Figs.  9,  9a)  has  a  much  less  regular 
shape  and  appears  to  consist  of  three  segments,  all  of  which  may  he 
regarded  as  modified  leaves.  The  lowest  and  largest  one  has  an 
irregular  elongated  rhomhoidal  shape,  angulated  laterally  near  the 
hase,  as  in  the  last  descrihed  specimen,  hut  not  provided  with  spines ; 
its  base  is  somewhat  produced,  and  its  apex  is  broadly  fused  with 
a  small  lanceolate  leaf  of  the  usual  type.  The  point  of  the  latter  is 
attached  to  the  apex  of  an  equilaterally  triangular  segment,  provided 
at  the  extremities  of  its  base  with  short  stout  grooved  straight  spines 
directed  forwards,  like  horns.  The  whole  series  of  three  segments 
has  the  usual  epitheca  and  continuous  median  ridge  xm  one  face,  and 
on  the  other  the  customary  arrangement  of  cells,  which  are  even 
similarly  developed  on  the  peculiar  homed  triangular  segment. 
Length  of  whole  series  to  tip  of  spines,  15*0  mm. ;  length  of  lowest 
segment,  7*5  mm. ;  width  of  ditto,  4*25  mm. ;  length  of  second  segment, 
3*25  ram. ;  length  of  triangular  segment  (without  spines),  3*25  mm. 

Affinities. — The  structure  of  this  peculiar  Bryozoan  reminds  us  in 
some  respects  of  Ftilodictya,  especially  in  the  arrangement  of  the 
zooecia,  but  it  is  unilaminar  instead  of  bifoliate,  and  we  are  not 
sufficiently  acquainted  with  the  minute  structure  of  the  celluliferous 
surface  or  with  the  internal  characters  to  press  this  comparison.  The 
unilaminar  and  segmented  natui*e  of  the  zoarium,  the  peculiar 
epitheca,  and  the  occasional  presence  of  spinose  processes,  with  a 
prevailing  bilateral  Symmetry  in  all  parts,  prove  that  this  Slade 
Bryozoan  belongs  to  a  new  and  distinct  genus  to  which  the  name 
Sladina  may  be  suitably  applied.  The  chain  of  lanceolate  segments 
of  graduated  sizes  with  the  smallest  segment  at  the  top  suggest 
apical  growth  of  the  zoarium.  The  multiplication  of  segments  may 
take  place  by  transverse  constriction,  if  this  is  the  correct  interpre- 
tation of  specimen  II  and  similar  ones.  Whether  the  apical  segments 
are  naturally  detached  to  form  new  zoaria  or  whether  their  occasional 
isolated  occurrence  is  accidental  must  remain  an  open  question  for 
the  i)rosent. 

Lefiniiion  of  ge.nu%.  —  Zoarium  unilaminar,  composed  of  flattened 
lanceolate  segments,  attached  in  a  straight  line,  with  occasionally  the 
apical  one  triangular  and  furnished  with  spines ;  the  basal  one  also 
may  be  provided  with  a  pair  of  lateral  spines.  Each  segment  is 
bilaterally  symmetrical  and  is  covered  on  one  face  by  a  thin  medianly 
ridged  epitheca  with  growth  -  lines  concentric  to  lateral  margins. 
Celluliferous  face  closely  set  with  zocccia,  arranged  in  2-3  meilian 
rows  (which  arc  generally  continuous  through  the  whole  chain  of 
segments),  with  irregularly  radiating  rows  of  similar  cells  on  each 
side,  diverging  in  a  fan-like  manner  to  the  latenil  margins  of  each  leaf. 
Type,  Sladina  cateniformis,  Slade  Beds,  Upper  Slade,  Haverfordwest. 

EXPLANATION   OF  TLATE  VI. 

New  Fossils  from  Uaverfordwest, 

Fig.  1.      Sladina  eatenifomiM,  j^cn.  et  sp.  nov.     Reverse  face,      x  4. 
,,    1//.    Ditto.     Same  specimeu.     Celluliferous  face,     x  6. 
2.      Ditto.     Reverse  face,  showing  three  segments,     x  4. 
W.      Ditto.     Reverse  face,  showing  small  basal  segment,     x  4. 
4.      Ditt^>.    Reverse  face,  with  lowest  segment  showing  transverse  constriction. 
X  3. 


»> 
»> 
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fiG.  4a.  Sladina  eateniformit,  gen.  et  sp.  nov.     Same  specimen.     Celluliferous 

face.      X  5. 

,,    5.  Ditto.    Isolated  segment.    Celluliferous  face,     x  5. 

„    Sa*  Ditto.     Same  specimen.    Reverse  face,     x  4. 

„    6.  Ditto.    Isolated  apical  segment.     Celluliferous  face,     x  5. 

7.  Ditto.    Reverse  face  of  disjointed  specimen,     x  4. 
7a.  Ditto.    Same  specimen.    Celluliferous  face,     x  4. 

8.  Ditto.    Variety  or  later  stage  with  lateral  spines.    Reverse  face,     x  4. 
8a.  Ditto.    Same  specimen.    Celluliferous  face,     x  4. 

9.  Ditto.    Variety  with  spined  terminal  segment.    Reverse  face,     x  4. 
9a.  Ditto.    Same  specimen.    Celluliferous  face,     x  4. 


ft 
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Y. — Recent  Geological  Infobmatiov  about  Blackheath. 

By  T.  V.  Holmes,  F.G.S. 

(WITH  A  MAP.) 

i  GLANCE  at  a  geological  map  shows  Blackheath  and  Greenwich 
,£X  Park  at  the  western  end  of  the  Lower  Tertiary  escarpment 
which  is  conspicuous  on  the  southern  side  of  the  Thames  as  far 
eastward  as  Erith. 

This  escarpment  has  the  Chalk  visihle  here  and  there  at  its  hase. 
Above  the  Chalk  comes  the  Thanet  Sand,  then  the  Woolwich  Beds, 
while  the  plateau  is  capped  by  the  Blackheath  Beds.  Around 
Shooters  Hill  the  London  Clay  comes  on  above  the  Blackheath  Beds, 
and  is  itself  capped  at-  Shooters  Hill  by  gravel  of  later  date.  At 
Blackheath  the  surface  is  composed  of  the  Blackheath  Pebble  Beds. 
But  before  mentioning  the  recent  workings  there,  it  is  necessary  to 
recaU  events  which  took  place  between  twenty-five  and  thirty  years 
ago  on  that  well-known  Common. 

On  Thursday,  April  12th,   1878,  after  a  night  of  very  heavy  rain, 
it  was  found  that  at  the  spot  marked  A  on  the  map,  south  of  the 
Shooters  Hill  Road,  and  north  of  that  between  the  south-west  comer 
of  Greenwich  Park  and  Morden  College,  a  subsidence  had  occurred. 
This,  after  some  little  delay,  was  filled  up  by  the  Metropolitan  Board 
of  Works.     Early  in  November,  i  880,  another  appeared  some  distance 
south-west  of  the  first  (B),  and  on  November  19th  a  third,  not  far 
from  the  first,  marked  on  the  map  as  C.     As  regards  shape,  they  all 
agreed  in  being  considerably  wider  at  the  bottom  than  at  the  top. 
But  that  at  B  was  shallower,  and  widened  at  the  bottom  to  a  greater 
extent  than  the  two  other  holes.     A  and  C  were  almost  perfectly 
identical  in  shape  and  depth,   and  were  less  than  150  yards  apart. 
Of  B  I  have  nothing  more  to  say  than  that  its  broader  and  shallower 
form  suggested  a  distinction  of  some  kind  which  made  the  amount  of 
its  aflinity  to  A  and  C  uncertain.     In  the  Engineer  of  February  4th, 
1881,  sections  are  given  of  B  and  C.     The  size  and  shapes  of  A  and 
C  are  both  described  in  the  account  given  in  the  Engineer  of  the 
last-named  pit.     It  is  said  to  have  been  almost  circular  in  shape, 
'*  being  7  ft.  8  in.    in  the  longest   diameter    and  6  ft.   9  in.   in  the 
shortest.     The  sides  went  down  vertically  to  a  depth  of  18  feet,  and 
liail  all  the  appearance  of  a  well  or  artificial  shaft.     At  the  bottom  was 
ji  heap  of  fallen  earth,  and  when  this  was  removed  the  sides  were 
found  to  recede,  the  hole  increasing  in  its  diameter  to  about  14  feet." 
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The  Lewisham  and  Blackheath  Scientific  Association  (a  then  newly 
formed  local  scientific  society)  raised  a  fund  from  residents  in  the 
neighbourhood  for  "the  exploration  of  pit  C,  and  appointed  a  compiitteo 
to  superintend  the  work.^  Prom  this  committee  an  executive  sub- 
committee was  selected,  consisting  of  Sir  G.  B.  Airy,  Dr.  H.  E. 
Armstrong,  W.  H.  Bond,  E.  W.  Brabrook,  T.  V.  Holmes,  H.  W. 
Jackson,  Kev.  Brooke  Lambert,  J.  K.  Laughton  (chairman),  J.  E. 
Price,  Dr.  Prior  Purvis,  Rev.  T.  Wiltshire,  and  John  Yeo.  The  hole 
was  timbered  and  the  work  began.  At  a  depth  of  about  34  feet  from 
the  surface  water  appeared,  and  became  more  and  more  troublesome 
as  the  depth  increased.  Prom  the  repoi-t  drawn  up  by  the  Chairman 
we  leam : — 

**Thc  ground,  which  was  continuously  sand  more  or  less  mixed 
wilh  water-worn  rounded  stones,  varying  in  size  from  a  marble  to 
a  cricket  ball,  was  throughout  broken  and  disturbed;  it  yielded 
readily  to  the  spade,  and  the  pickaxe  was  at  no  time  called  into 
requisition.  The  earth  behind  the  timber  was  thus  all  alive ;  it  had 
no  cohesion  of  itself,  and  transmitted  the  pressure  to  the  timbering 
almost  as  if  it  had  been  fluid.  When  the  weight  and  liveliness  of  the 
water  was  added  to  that  of  the  sand  this  effect  was  intensified,  and 
apprehensions  began  to  be  entertained  lest  the  timbering  should  be 
found  of  insufficient  strength." 

At  a  depth  of  43  feet  there  was  an  inequality  of  vertical  resistance, 
which  caused  the- timber  framework  to  'cant'  and  *  long-comer.' 
This  tendency  increased,  and  combined  with  the  difficulty  arising  from 
the  inflow  of  water  to  stop  further  excavation,  owing  to  the  great 
difficulty  and  expense  which  would  attend  it.  So  it  was  resolveii  to 
drive  an  iron  tube  down,  to  test  the  hardness  or  softness  of  the 
material,  and  to  ascertain  the  existence  of  any  cavity.  Two  tubes 
were  driven  down ;  the  first  was  withdrawn  after  having  sustained 
a  fracture,  the  second  was  driven  to  a  depth  of  84  ft.  6  in.,  but  waa 
there  stopped  by  some  hard  mass,  which  it  could  neither  pierce 
nor  thrust  aside.  The  first  pipe  was  easily  drawn  up ;  the  second 
only  with  the  utmost  difficulty,  though  the  track  of  each  was  almost 
perfectly  identical.  As  the  second  was  being  withdrawn  specimens  of 
the  earth  at  the  bottom  were  obtained  by  means  of  a  small  scoop 
attached  to  the  end  of  a  rod  passed  down  the  pipe,  and  these  samples 
testified  to  the  abnormal  condition  of  the  strata  passed  through. 

We  read  : — **  Down  to  about  50  feet  they  are  sandy  ;  but  from  that 
to  the  bottom  are  clayey,  and  more  clayey  as  the  depth  increases. 
But  a  comparison  with  the  known  stratification  of  the  district  shows 
that  from  35  to  50  feet  or  thereabouts,  is  the  level  of  the  clayey  beds ; 
that  below  that  is  the  Thanet  Sand ;  and  it  is  therefore  conjectured 
that  the  fine  peculiarly  greasy  clay  brought  up  by  the  scoop  from  the 
depth  of  84  ft.  6  in.  may  have  been  washed  down  when  the  shaft, 
no  longer  used,  was  suffered  to  fall  in." 

Accounts  of  subsidences  in  other  districts,  supposed  to  be  analogous 
in  some  way  to  those  at  Blackheath,  were  sent  in  to  the  Committee, 

*  The  lx»wishara  and  Blackheath  Scientific  Association  (like  so  many  local  scientific 
societies)  was  short-lived,  and  came  to  an  end  in  1893.  Hence  it  seems  desirable  to 
give  a  more  detailed  account  of  its  work  here  than  would  otherwise  be  the  case. 
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Vrlio  olio  consulted  severBl  distia^ished  geologists,  arcfamolo^ts, 
BDd  enfiiineers.  Profcasot  Prestwich  and  Mr.  W.  Whitaker  both 
inclined  to  think  tho  cause  of  the  subsidences  not  purely  geological, 
and  Ur.  F.  C,  J.  Spurrell  thought  thetn  the  result  of  tho  cxistonce 
of  deneholes  at  the  spots  where  they  occurred.  The  Committee, 
OS  a  body,  felt,  unable  to  accept  any  view  as  conclusive.  Saing 
myself  a  member  of  the  Committee,  and  having  a  decided  view  on 
^e  matter,  my  colleagues  wero  good  enough  to  appond  my  remarks 
to^the  report.     They  were  to  the  effect  that  no  purely  natural  actioa 


GREENWICH     PARK 


V^ 


BLACKHEATfi  STATION. 


of  water  under  £lackheath  on  tliu  Chalk  wus  at  all  probable,  owin;;  to 
the  presence  oE  the  more  or  less  clayey  beds  of  the  Woolwich  Series, 
which  prevented  water  percolating  througli  th«  pebble  beds  at  the 
surface  from  ever  reaching  the  Chalk.  Sut  that,  granting  the 
existence  of  deep  shafti  from  thr  siirfntc  ending  in  cliambi'vs  in  the 
Chalk  (like  that  described  by  Mr.  Flinders  I'ctrie  as  existing  at 
Elthnm),  the  Blackheath  subsidences  were  easily  cxiihiiued.  For 
i  and  neglected  shaft  would  natumlly  become  more  and  mon 
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enlarged  about  that  part  at  which  water  tended  to  enter,  the  material 
washed  down,  filling  the  chamber  below  and  the  lower  part  of  the 
shaft.  At  last  the  cavity  would  become  too  large  for  stability,  and 
the  result  would  naturally  be  a  subsidence  at  the  surface  taking  the 
shape  of  that  at  pits  A  and  C.  Hypothetical  sections  illustrating  these 
changes  were  added  to  my  remarks  appended  to  the  report  of  the 
Exploration  Committee.^ 

1  now  turn  to  events  at  Blaekheath  of  a  much  more  recent  date. 
During  the  last  year  or  two  enclosures  were  made  at  intervals  on 
Blaekheath  from  a  spot  close  to  the  '*  Hare  and  Billet "  public-house, 
near  Blaekheath  village,  to  the  north-eastern  comer  of  the  heath  close 
to  the  Charlton  Eoad.  They  marked  the  positions  of  the  shafts  sunk 
along  the  course  of  the  main  drainage  tunnel  constructed  in  the  Chalk 
beneath  Blaekheath.  It  soon  became  evident  that  the  line  taken  by 
the  tunnel,  as  indicated  by  the  positions  of  two  of  these  shafts,  was 
such  as  to  pass  vertically  beneath  the  site  of  the  subsidence  at  A^ 
which  was,  as  already  stated,  precisely  similar  in  size  and  shape  to 
that  at  C,  in  which  the  Exploration  Committee  worked  in  188U 
Accordingly  I  wrote  to  Messrs.  S.  Pearson  &  SoU)  Ltd.,  the 
contractors,  mentioning  my  interest  in  subterTanean  Blaekheath,  and 
expressing  a  desire  for  information  as  to  their  experience  of  it.  My 
request  was  most  kindly  granted,  and  I  am  much  indebted  to 
a  member  of  the  firm,  Mr.  B.  C.  Cass,  for  the  following  additions 
to  our  knowledge  of  the  geology  of  Blaekheath. 

Between  a  spot  a  few  yards  northward  of  the  pond  close  to  the 
'^  Hare  and  Billet"  and  another  not  far  from  the  south-eastern  comer 
of  Greenwich  Park  there  are  five  shafts  along  the  line  of  the  drainage 
tunnel.  The  shaft  here  called  No.  1  is  that  near  the  *'  Hare  and 
Billet " ;  No.  2  is  close  to  but  eastward  of  Talbot  Place ;  No.  3  is 
close  to  but  on  the  noi-them  side  of  the  road  between  the  south- 
western comer  of  Greenwich  Park  and  Mordcn  College ;  No.  4  is 
near  but  south  of  the  Shooters  Hill  Road;  and  No.  5  is  about 
70  yards  southward  of  the  south-eastern  comer  of  Greenwich  Park. 
The  course  of  the  tunnel  is  thus  from  south-west  to  north-east,  and 
the  portion  of  it  which  runs  beneath  the  site  of  the  subsidence  at  A  is 
between  shafts  3  and  4.  As  regards  the  depth  at  which  water  was 
met  with  during  the  sinking  of  these  shafts,  Mr.  Cass  gave  me  the 
following  information : — 

Depth  at  which  Height  of  surface 

Shafts.  water  was  found.  ahoTe  ordnance  datum* 

ft.  in.  feet. 

X      »••      •••      •«• 

o 

^^  •••        •••        ••• 

^         •«•         •••         ••• 

4 

^        •••        •••        ••• 

^        •••        •••        ■•• 

He  added  that  this  water,  which,  percolating  through  the 
Blaekheath  Pebble  Beds,  is  upheld  by  the  more  or  less  clayey  beds 

'  These  sections,  reproduced  from  the  report,  may  he  seen  in  the  '*  Record  of 
Eicursioiis '*  of  the  Geologists'  Aaaociation,  pp.  5-8.'  They  were  introduced  there 
to  illustrate  a  verj-  short  report  of  an  excursion  to  Charlton,  Blaekheath,  and 
Lewisham  conducted  by  Mr.  J.  Logan  Lobley  on  April  30th,  1881,  during  which 
the  subsidence  at  C  was'  visited.     The  exploration  was  then  in  progreas. 


24  6 

140 

32  0 

160 

no  water 

150 

32  0 

146 

32  0 

147 
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of  the  Woolwich  Series  beneath,  nowhere  formed  any  serious  obstacle 
to  making  the  shafls.  As  regaids  shaft  3,  in  making  which  no  water 
appeared,  Mr.  Cass  stated  that  it  was  sunk  some  months  later  than 
Nob.  1  and  4,  which  were  almost  finished  when  No.  3  was  begun. 
The  details  of  the  sections  in  shafts  2,  3,  and  4  are  here  given : — 

Shaft  Kg.  2. 


r  oou         ...         .••         «•«         ••*         ■•• 

Blackheath     J  Louny  ffravel 

Pebble  Beds,    j  Yellow  loamy  sand      

IWbiteBand      

/  Shell  deposit     ...        ...        ...        ... 

I  Blue  olay  ...        ...        ... 

Woolwich  Beds. -j  Pebbly  sand      

Blue  clay  

V  IxNuny  sand  and  pebbles         

Thanet  ^And.     White  sand      

Black  sand  and  flints  • 

Chalk.  Bottom  of  shaft  123  ft.  3  in. 

SdArr  No.  3. 

I  OvaX  •••  •••  •••  ■••  ••• 

Blackheath     J  Loamy  gravel 

Pebble  Beds.    |  White  sand  

^Loamysand  

(Shell  deposit  ...        ...        ...         ... 
Loamy  sand 

Woolwich  Bed..-!  |l;sU^«Sjt  •;: 

I  Hard  mixture  of  clay,  sand,  and  pebbles 

\  Green  sand 

Thanet  Sand.     White  sand       

Black  sand  and  flints 

Ckalk.  Bottom  of  shaft  123  ft.  3  in. 

Shaft  No.  4. 

f  *3%Jm  h  ■••  •••  •••  •«■  ••• 

Dirty  ballast     

Yellow  clay       

OtU  l&S  b    •••  •••  ...  •••  ••• 

Loamy  sand 

White  sand       

Loamy  sand 
VWhite  sand       

{Red  sand 
Haid  i^^turo  of  clny,  ^nd,  and  pebbled 
Green  sand 
Thanet  Sand.    White  sand 

Black  sand  and  flints 

Chalk.  Bottom  of  shaft  119  ft.  9  in. 


Blackheath 
Pebble  Beds. 


Thicknesa. 

Depth. 

ft. 

in. 

ft.  in. 

1 

0 

•  •• 

1  0 

24 

0 

*•  • 

26  0 

9 

6 

•  •  • 

34  6 

4 

6 

•  •  • 

39  0 

1 

9 

»•  • 

40  9 

3 

9 

•  •  • 

44  6 

2 

0 

•  •  • 

46  6 

0 

6 

•  •• 

47  0 

6 

0 

•  •  • 

63  0 

48 

6 

•  •  • 

101  6 

1 

0 

•  •• 

102  6 

1 

0 

•  •  ■ 

1  0 

9 

0 

•  •  • 

10  0 

23 

0 

•  •  • 

38  0 

5 

0 

•  •  • 

38  0 

1 

0 

•  •  • 

39  0 

0 

9 

•  •  • 

39  9 

1 

9 

•  •  • 

41  6 

3 

9 

•  •  • 

45  3 

7 

9 

•  •  • 

53  0 

0 

9 

•  •• 

63  9 

48 

9 

•  •  • 

102  6 

I 

0 

•  «• 

103  0 

0 

6 

•  •  B 

0  6 

9 

6 

•  •  • 

10  0 

6 

•  *  • 

11  6 

6 

•  •  • 

16  0 

0 

«  •  • 

24  0 

3 

•  •  ■ 

25  3 

8 

•  •  • 

30  11 

6 

•  »  • 

38  5 

3 

•  •  • 

40  8 

9 

•  •  • 

45  5 

0 

•  •  . 

49  5 

3 

0 

•  •  • 

52  5 

48 

1 

•  >  • 

100  6 

1 

0 

*  •  « 

101  6 

If  we  compare  the  sections  in  these  three  shafts,  we  find  that  while 
the  Thanet  Sand  is  of  tlie  same  thickness  and  character  in  each,  and 
there  is  nothing  peculiar  in  any  of  them  as  rcganls  the  Blackheath 
Beds,  the  Woolwich  Beds  are  nearly  alike  in  shafts  2  and  3  and  differ 
noticeably  from  those  of  No.  4.  On  noting  the  absence  of  any  **  shell 
deposits"  in  the  Woolwich  Beds  of  2^o.  4,  1  wrote  to  Mr.  Cass  asking 


216     T.  V.  Holmes — Geology  of  Blackheath  and  Greenwich. 

if  tHoy  'wrere  non-existent  in  that  shaft ;  for  the  word  *  ballast '  heing 
Used  for  gravel  in  that  section  only,  suggested  a  different  reporter  of 
the  strata  in  that  case.  In  reply  Mr.  Cass  remarked : — "In  No.  4 
pit  we  did  not  come  across  any  of  the  shell  deposits  as  we  did  in 
Nos.  2  and  3.  No.  4  was  very  free  from  shells,  only  very  few  being 
found  in  the  sands."  And  as  regards  the  spot  between  shafts  3  and  4 
at  which  the  tunnel  passed  beneath  the  hole  formed  by  subsidence  A 
on  April  12th.  1878,  Mr.  Cass  informed  me  that  at  a  depth  of  about 
120  feet  the  chalk  there  was  found  to  be  all  broken  up  and  mixed 
with  material  of  various  kinds  which  had  fallen  from  above. 

I  have  already  alluded  to  the  deep  shaft  ending  in  a  chamber  in  the 
Chalk  discovered  at  Eltham.  Early  in  the  year  1878  there  was 
a  leakage  in  the  water-supply  at  Eltham  Park,  the  seat  of 
Mr.  T.  Jackson,  about  three  miles  from  Blackheath.  A  disused 
brick  drain,  being  opened  up,  was  found  to  end  at  the  top  of  a  shaft 
4  feet  in  diameter  and  140  feet  deep,  at  the  base  of  which  was 
a  chamber  in  the  Chalk,  the  extreme  dimensions  of  which  were 
40  by  63  feet  and  the  height  9}  feet.  The  lowest  22  feet  of 
the  shaft  were  cut  through  the  Chalk,  and  it  was  lined  throughout 
with  courses  of  brick  and  chalk.  Mr.  Flinders  Petrie  read  a  paper 
describing  it  at  a  meeting  of  the  Royal  Archseological  Institute  on 
March  1st,  1878,  from  which  these  details  are  taken.  At  some  period 
much  later  than  that  of  its  original  construction,  the  chamber  had 
been  utilised  as  a  cesspool,  for  a  period,  Mr.  Flindew  Petrie  thinks,  of 
**at  least  a  century,  perhaps  two  or  three  centuries."  As  to  the 
objects  of  its  makers,  he  finds  no  suggested  explanation  satisfactory. 
On  that  point  I  would  only  add  that  it  seems  evident  that  it  must 
have  been  made  for  the  sake  of  the  chamber,  and  not  for  that  of  the 
material  extracted  therefrom,  and  consequently  that  it  belongs  to  the 
denehole  class. 

The  bcKls  traversed  by  the  shaft  at  this  Eltham  pit  are  the  same  as 
those  at  Blackheath.  The  Thanct  Sand  was  52  feet  thick  at  Eltham, 
the  Woolwich  Beds  26  ft.  3  in  ,  and  the  Blackheath  Beds  37  ft.  9  in. ; 
the  top  of  the  Chalk  being  116  feet  below  the  surface  there,  instead  of 
101ft.  6  in.  to  103  feet,  as  found  near  the  sites  of  the  Blackheath 
subsidences  A  and  C.  And  while  the  nature  of  the  beds  composing 
Blackheath  would  be  unusually  easy  to  recognise  in  primitive  times, 
as  they  are  more  or  less  visible  close  by,  on  the  slopes  of  the  Lower 
Tertiary  escarpment,  both  northward  and  westward,  there  are  no 
similar  helps  to  observation  at  Eltham. 

We  have  seen  that  the  exploration  of  the  subsidence  at  C,  in  1881, 
showed  that  the  strata  vertically  beneatli  were  much  shattered  and 
mixed  together,  greasy  clay  being  obtained  at  a  depth  of  84  ft.  6  in., 
wli(Te  the  Thanet  Sand  exists  in  undisturbed  ground.  And  the  course 
of  the  recent  tunnel  beneath  the  subsidence  at  A  indicated  that  the 
Chalk  there  at  a  greater  depth  was  broken  up  and  mixed  with  other 
material  from  above.  In  addition  we  know  that  the  appearances  pre- 
sented by  both  these  subsidences  at  the  surface  were  practically 
identical,  their  vertical  sides  suggesting  shafts,  while  the  expansion, 
beginning  at  a  dej)th  of  a])out  18  feet  from  the  surface,  wouhl  be  the 
natural  result  of  the  action  of  tlie  water  (met  with  at  a  depth  of 
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82  feet  ia  the  recent  shafts)  on  shafts  disused  and  neglected  for  cen- 
turies. And  of  course  this  expansion,  when  it  became  too  great  for 
stability,  would  ultimately  produce  subsidences  at  the  surface  such  as 
were  once  visible  at  A  and  C. 

It  may  perhaps  seem  disappointing,  at  first,  that  something 
approximating  to  the  discovery  at  Eltham  in  1878  was  not  the  result 
of  the  course  taken  by  the  recent  tunnel  beneath  the  site  of  the 
subsidence  at  A.  But  at  Eltlium  the  chamber  in  the  Chalk  was  pre- 
served because  the  shaft  leading  to  it  was  preserved.  It  had  escaped 
destructioa  through  the  exceptional  circumstances  that  it  had  been 
utilized,  in  some  way  or  other,  centuries  (^ter  the  purposes  of  its 
originators  had  been  forgotten.  But  in  the  case  of  the  disused  and 
neglected  pits  at  Blackheath,  the  surface  subsidences  implied  the 
simultaneous  destruction  of  all  that  had  up  to  that  time  remained  of 
•haft  and  chamber  below.  The  evidence  afi^orded  by  the  recent  tunnel 
therefore  confirms,  as  strongly  as  circumstances  allow,  the  hypothesis 
that  these  Blackheath  subsidences  mark  the  sites  where  once  existed 
shafts  with  chambers  in  the  Chalk  below,  like  the  pit  at  Eltham. 

Note, 

This  seems  to  be  a  good  place  for  the  introduction  of  the  following 
brief  aconnt  of  a  Blackheath  subsidence  in  the  year  1798.  It  is  fropi 
the  Gentleman* 9  Magazine  for  that  year,  p.  1078  : — 

**  Nov.  19.  A  singular  accident  happened  last  week  at  Blackheath. 
As  a  farmer  and  his  son  were  conversing  together  in  a  field  where 
a  horse  was  feeding,  on  a  sudden  the  animal  sunk  into  the  earth  (hind 
feet  first)  to  the  depth  of  15  feet,  out  of  which  he  was  dug,  crushed 
to  death.  The  cavity  was  only  just  sufficient  to  admit  his  body,  the 
surrounding  soil  remaining  firm.** 

This  certainly  suggests  a  subsidence  resembling  those  at  A  and  C. 
But  its  scene  must  have  been  a  little  east,  or  north-east,  of  the 
common  now  known  as  Blackheath. 


VI. — Plajtt  RESfAixs  IN  Basalt,  Mexico. 

By  Dr.  M.  M.  Sol6uzano,  of  the  Museo  Michoacano,  Moreliu,  Mexico,  and 
Berxakd  IIobsox,  M.Sc,  F.G.S.,  of  tho  University  of  Manchester. 

(PLAT»  XI.) 

WHEN  the  members  of  tho  **Jorullo  Excursion'**  of  the  Tenth 
Inteiiiationul  Geological  Congress  were  in  the  city  of  Moreliu, 
in  Mexico,  they  visited  the  College  of  St.  Nicholas  (founded  in  lo40), 
in  the  buildings  of  which  is  the  Museo  Michoacano.  One  of  the  most 
interesting  objects  in  the  Museum  in  question  is  a  piece  of  basaltic 
lava  containing  reraaiivs  of  maize,  which  has  been  described  by 
Dr.  M.  M.  Solorzano,  the  Curator  of  the  Museum,  in  an  article 
entitled  "  Breve  noticia  acerca  do  algunos  productos  volcauicos  de  las 
immediaciones  de  esta  ciudad  "  in  the  *'  Boletin  de  la  Sociedad 
Michoacana  de  Geographia  v  Estadistica,''  Tomo  ii,  Xiim.  8,  Morelia, 
Julio  15  de  1906,  pp.  59,  60. 

*  See  Geol.  Mao.,  1907,  p.  6. 
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The  following  is  a  translation  of  the  last  two  paragraphs  of  the 
article:  ''To  conclude  these  short  notes,  I  will  mention  another 
Tolcanic  product  which,  although  it  does  not^  occur  in  the  environs 
of  this  city  as  do  those  previously  descrihcd,  is  exceedingly  interesting, 
since  it  proves  not  only  the  small  conductivity  of  lavas  in  spite  of 
their  very  high  temperature,  but  also  indicates,  to  a  certain  extent,  the 
epoch  in  which  volcanic  phenomena  were  in  full  activity  in  the  region 
where  the  rock  I  refer  to  was  collected." 

''  This  specimen,  which  is  exhibited  in  the  Museum  before  mentioned 
[Museo  Michoacano],  awakened  the  interest  of  that  expert  geologist 
and  engineer,  Mr.  Ezequiel  Ordonez.  It  is  a  basaltic  scoria  wluch 
was  coUected  [at  the  Hacienda  de  la  Magdalena,  distant  only  some 
4j^  leagues  (11|^  English  miles)  from  this  city,  and  at  a  very  short 
distance  from  the  volcanic  Pico  de  Quinceo],*  and  shows  numerous  and 
very  distinct  external  impressions  of  female  ears  of  maize  and  also 
entire  grains  and  carbonized  remains  of  the  axis  of  the  ear.  (See 
Plate  XI.)  This  seems  to  show  that  the  inhabitants  of  the  locality 
in  question  cultivated  the  plant  just  mentioned  when  a  volcano  [one 
of  the  extinct  ones  which  exist  between  Quiroga  and  Patzcuaro]' 
made  the  eruption  which  ejected  the  rock  abore  described." 

It  is  of  interest  to  recall  other  occurrences  of  plant-remains  in  basalt. 
J.  Macculloch  *  described  and  figured  an  erect  coniferous  tree  in  basalt 
at  Oribon,  Isle  of  Mull,  which  has  subsequently  been  referred  to  by 
Mr.  J.  Starkie  Gardner,^  and  illustrated  from  a  photograph  in 
Sir  A.  Geikie's  ** Scenery  of  Scotland"  (3rd  ed.,  1901,  p.  142). 

Mr.  H.  M.  Cadell'  has  described  the  remains  (12  inches  long)  of 
a  Lycopod  stem  in  basalt  at  Cowdenhill,  Grangepans. 

Mr.  J.  D.  Dana,  describing  the  Kilauea  (Sandwich  Islands)  lava  of 
the  1840  eruption,  wiys : '  **  The  rapidity  with  which  lava  cools  is  still 
moro  remarkably  shown  in  the  fact  that  it  was  found  sometimes 
hanging  in  stalactites  from  the  branches  of  trees;  and  although  so 
fluid  when  thrown  oif  from  the  stream  as  to  clasp  the  branch,  the  heat 
hud  barely  scorched  the  bark.'*  Describing  the  Kilauea  eruption  of 
1868,  he  remarks:*  **As  has  happened  in  most  Hawaiian  eruptions, 
trees  were  enveloped  by  the  lava-flood.  Half-charred  trunks  were 
standing  in  1887  with  a  rough  cylindrical  encasement  of  lava  about 
the  stumps." 

Mr.  J.  S.  Diller*  has  described  li  tree  pushed  over  by  the  advancing 
lava  stream  of  the  Cinder  Cone,  10  miles  north-east  of  Lassen  Peak, 
and  gives  a  plate  (No.  xiv)  showing  the  tree  in  the  lava. 

^  In  view  of  the  correction  mentioned  below  the  **  not "  should  be  omitted. 

2  This  is  the  correct  locality  according  to  a  letter  of  N"vember  3rd,  1906,  from 
Dr.  Solorzano  to  me.  The  printed  account  states  **in  the  vicinity  of  Quiroga, 
District  of  Morelia." 

•*  This  is  incorrect  owing  to  the  true  locality  being  different. 

<  •'  A  Description  <»f  the  Western  Islands  of  Scuthind,'*  etc. :  vol.  i  (1819),  p.  568. 

*  (iuart.  Jouru.  Ge.l.  Soc,  1887,  p.  283. 

®  "  i  he  Occurrence  of  Plant  Remains  in  Olivine  Basalt  in  the  Bo'nes^  Coalfield  *' : 
Trans.  Geo).  Soc.  Edin..  vol.  vi  (1892),  pp.  191-193,  pi.  n.     (See  infra,  p.  219.) 
"   "  Characteristics  of  Volc-anoes,"  etc. :   1890,  p.  64. 
^  J.o-.  cit.,  p.  91. 

*  "A  Late  V(-lcanic  Eruption  in  Northern  California  and  its  peculiar  Lava'*: 
Bulktin  No.  79,  U.S.  Geol.  Surwv,  1891,  p.  20. 


Gbou  Mag.  1907. 


Remains  and   Impressions  of  Ears  of  Maize  in  Basalt,  Morelia, 
Mexico. 


Slighlly  less  than  onc-tliird  linear  of  the  size  o(  the  otiginat  specimen. 
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The  late  Mr.  P.  A.  Fouqu6,  describing  some  phenomena  observed  on 
Etna,  says^  (trans.) :  '*The  lava  of  the  1865  eruption  flowed  through 
the  midst  of  a  wood  of  lofty  trees.  .  .  .  Many  trees  had  been 
torn  up  or  burnt.  Nevertheless,  a  great  number  of  them  remained 
standing  on  each  side  of  the  fissure,  in  spite  of  the  movements  of  the 
ground  and  in  spite  of  the  incandescent  current  which  had  for  a 
moment  surrounded  them.  The  trees  thus  preserved  were  all,  without 
exception*  surrounded  by  a  stony  sheath  formed  of  solidified  lava. 
The  interior  mxrface  of  this  sheath  had  moulded  itself  on  the  surface 
of  the  tree,  of  the  bark  of  wliich  it  sometimes  reproduced  all  the  details 
with  inipriaing  fidelity." 

ICr.  K.  H.  Walcott'  has  described  a  pseudomorphous  replacement  by 
•dlid  basalt  of  a  tree  10  feet  high  with  a  branch  and  roots.  The  stem 
has  an  average  circumference  of  31  inches:  ''The  surface  bears  a 
number  of  oormgations  and  has  the  identical  appearance  of  bark." 
*'  The  aorronnding  basalt  comprising  the  mould  in  which  the  tree  waa 
formed,  judging  from  the  two  available  pieces,  is  to  all  appearances  of 
the  same  nature  as  the  cast."  The  cast  was  found  in  a  quarry  at 
Footacsnij  (which  appears  to  be  close  to  Melbourne). 

DESCEIPTION  OP  PLATE  XI. 

The  photograph  shows  the  piece  of  scoriaceous  basalt  preserred  in  the  Miohoacaa 
Mweuiiif  Morelia,  Mexico.  The  specimen  measures  12*09  inohee  in  height^ 
18*26  in  width,  and  7*60  in  thickness  (front  to  back).  Impressions  of  ears 
of  maixe  are  shown  on  the  right  (a)  ^ost  below  the  right  upper  corner^ 
Ik)  towards  centre  of  margin  overhanging  a  cavit^r,  (c)  at  the  two  right 
Dottom  eoraers;  but  the  most  striking  example  is  just  above  the  two 
oonTeiging  central  cavities,  where  an  ear  in  a  vertical  position  shows  not  only 
impressions  but  actual  grains  of  maize.  Several  other  impressions  occur,  but 
are  indistinct  in  the  plate.  The  figure  is  slightiy  less  than  i  linear  of  the 
size  of  the  original  specimen. 


[In  connection  with  the  foregoing  note  on  Plant-remains  in  Basalt  from  Mexico^ 
the  lobjoined  ohaervation  by  Mr.  fl.  M.  Cadell,  B.Sc,  F.R.S.E.,  repriuted  from 
the  Txans.  Geol.  Soc.  Edinb.,  vol.  vi  (1892),  pi.  vi,  pp.  191-193,  deuerves  to  be 
recorded  here. — Edit.  Oeol.  Mao.] 

VII. — The  Occubrence  of  Plant  Kemains  in  Olivine  Basalt  in  the 

Bo'nkss  Coalfield. 

By  Henry  M.  Cadkll,  B.Sc,  F.R.S.E. 
(PLATE  XIV.3) 

IX  a  paper  which  I  read  before  the  Edinburgh  Geological  Society  on 
26th  January,  1880,  and  which  appears  in  the  Transactions, 
Tol.  iii,  pp.  304-325,  a  general  stratigraphical  account  is  given  of  the 
extensive  series  of  interbedded  volcanic  rocks  of  the  Bo'ness  Coalti«;ld 
in  Linlithgowshire. 

*  **  Sur  la  uon-alt^ration  dos  couches  de  houille  en  contact  avec  des  rochea 
eruptives"  :  Bull.  Soc.  peol.  France,  stir,  ii,  vol.  xxiii  (1866),  pp.  190-193. 

*  **  Note  on  a  Ba8alt  Tree  Cast "  :  I*roc.  K<>v.  Soc.  Victoria  (Australia),  new  series, 
vol.  xii,  pt.  2  (1900),  pp.  139-144,  1)1.  xiii. 

*  The  block  for  Plate  XIV  has  Wu  obligingly  lent  by  the  author,  Mr.  H.  M» 
CadeU,  F.K.S.E. 
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Some  new  facts  of  considorablo  geological  interest  have  sinco  been 
elicited  in  the  course  of  mining  and  quarrying  operations  in  the 
district.  Among  these  the  most  remarkable  is  perhaps  the  discovery 
of  undoubted  fragments  of  ])lants  in  some  of  the  sheets  of  basalt 
intcastratitieil  with  tlie  C'ai'boniferous  beds.  In  my  former  paper 
I  referred  to  the  occurrence  of  coniferous  wood  iu  somo  of  the  ash 
beds  and  neck  tuffs  that  belong  to  the  old  yolcanoes  of  the 
Carbonifei*ous  Limestone  Series  of  Linlithgowshire,  but  such  plant- 
remains,  although  interesting,  arc  not  particularly  remarkable  or 
surpiisiliig  in  their  mode  of  occurrence,  as  similar  remains  have 
been  found  elsewhere,  and  their  origin  is  not  at  all  .difficult  of 
-explanation. 

.  The  plaiit-remnins  I  shall  now  briefly  describe  were  found  under 
xnuch  more  unusual  .circuQisttmces,  and  I  may  safely  say  that  very 
few,  if  any,  similar  cases  have  been  discovered  in  this  country  at 
least,  in  which  the  matrix  surrounding  the  fossil  consists  of  a 
cr}'stalline  massive  volcanic  rock. 

During  the  Summer  of  1890  1  had  occasion,  while  carrying  out  some 
improvements  at  Cowdenhill,  in  tlie  village  of  Grangepans,  to  remove 
part  of  a  knoll  of  trap  that  forms  a  low  cliff  on  the  south  side  of  the 
public  road.  The  trap  in  question  is  the  bed  that  lies  in  this  part  of 
ihe  Bo'ness  coalfield,  about  30  feet  above  the  seam  known  as  the  Red 
Coal.  It  dips  westward  from  its  outcrop  at  Cowdenhill,  and  has  been 
pierced  in  No.  3  Pit  of  Grange  Colliery  about  80  yards  further 
west,  where  it  has  a  thickness  of  about  27  feet.  That  the  rock  is 
contemporaneous  and  not  intrusive  is  clearly  proved  from  the  fact 
that  (1)  it  has  never  been  found  to  cut  across  the  strata  in  the  many 
sections  where  it  has  been  laid  bare ;  (2)  the  beds  below  are  slightly 
indurated  at  ])laces,  while  those  above  are  unaltered ;  (3)  the  upprr 
surface  is  highly  aniygdaloidal  and  usually  somewhat  decomposed. 

AVhcre  the  excavation  was  made  there  is  no  means  of  asceilaining 
.the  distance  from  the  top  or  bottom  of  the  trap,  but  the  rock  is  hero 
<^uite  solid  and  free  from  amygdules,  and  less  decomposed  than  it 
usually  i'^  n(Mir  the  edges,  so  that  the  si)ecimen  to  which  I  slmll  now 
refer  was  probably  taken  from  near  the  centre  of  the  old  lava  bed. 

When  lirst  it  was  brought  to  light  1  took  it  for  some  species  of 
mineral  concretion,  but  a  little  examination  soon  proved  that  this 
could  not  be  the  case,  as  it  not  only  lof)ked  remarkably  like  a  lycopod 
stem,  but  was  surrounded  by  a  thin  film  of  what  appeared  to  be  black 
carbonaceous  niatt(?r.  My  friend  Mr.  U.  Kidston,  F.K.S.E.,  F.G.S., 
who  kindly  examined  it  and  took  the  i)hotoj»raj)h  which  is  reproduced 
in  tlie  a(.'coin])anyinLj;  ])late  (PI.  XIV),  rej)orts  as  follows: — 

'*  The  siK'timen,  which  is  preserved  in  j^ri'enstonc  (basalt),  is 
12  inches  long.  Tiie  upper  extremity  is  about  1-^^,- inch  iu  diameter, 
and  <»win«r  to  a  fnnturi'  in  the  stone  which  contains  the  fossil  the 
np[)er  .">  inches  are  broken  oil'  and  lift  out  (»f  the  matrix.  In  section 
the  >tcni  at  this  ])art.  is  slij^htly  compressed  on  one  side.  The  lower 
extremity  measures  2  inches  in  its  greatest  diameter,  but  it  is  also 
filiuhtlv   compressed.      About   4    inclies  from  the   base  a  branch  has 

*  ft  1 

been  j^iven  olf  on  the  left  side  of  about  equal  size  to  the  stem 
preservt'd,  but  only  it>  truncated  base  is  left  to  indicate  it^  position. 


Plant-remains  in  Uasali,  from  the  lioness  Coalfield. 
Linlitligowshire. 
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The  fossil  lies  on  the  angle  ridge  of  a  rudely  four-sided  block,  whose 
shape  is  determined  by  the  natural  jointing  of  the  basalt,  and,  like 
the  exposed  surfaces  of  the  stone,  is  stained  an  ochreous  brown  colour. 
With  the  exception  of  this  very  thin  coating  of  ^iron  oxide,  and 
perhaps  a  little  carbonaceous  matter  mixed  with  it,  the  original 
plant  in  its  upper  part  is  entirely  replaced  by  crystalline  calcite,  aa 
shown  at  the  fracture  in  the  specimen  to  which  reference  has  already 
been  made. 

•*  The  broken  base  (which  only  in  part  shows  a  fresh  surface)' 
appears  to  consist  of  lime  and  matrix  intermingled,  but  this  may  not 
be  more  than  a  coating  at  the  broken  end. 

*'  There  cannot  remain  the  slightest  doubt  -that  the  fossil  is  part 
of  a  Lycopod  stem.  Its  outer  surface  might  be  described  as  an 
imperfectly  preserved  specimen  of  Knorria,  which,  however,  may 
have  originated  from  a  Lepidodendron  or  a  Lepidophloios,  : 

**  The  great  interest  of  the  specimen  centres  in  the  matrix  in 
which  it  is  preserved.  The  occurrence  of  a  pljint  preserved  in  basalt 
is  perhaps  unique.  The  fossil  was  probably  tirst  reduced  to  a 
condition  of  *  charcoal  *  by  the  heat  of  the  lava — a  condition  in  which 
specimens  are  frequently  found  in  volcanic  ash — and  subsequently  the 
carbon  has  been  removed  and  the  cavity  filled  up  by  infiltrated  lime." 

I  had  some  of  the  most  carbonaceous-looking  parts  sliced  for  the 
microscope,  but  a  close  examination  failed  to  show  any  traces  of 
vegetable  structure. 

A  microscopic  examination  of  the  rock,  which  Mr.  J.  G.  Goodchild, 
F.G.S.,  has  been  kind  enough  to  make,  shows  it  to  present  the 
character  of  a  medium-grained,  hemicrystalline  aggregation  of  (1) 
lath-shaped  crystals  of  plagioclase,  apparently  labradorite,  forming 
quite  three-fifths  of  the  mass ;  (2)  a  small  quantity  of  a  mineral  too 
much  decomposed  to  be  recognizable,  but  which  may  have  been  one 
of  the  pyroxenes;  (3)  large  grains  of  serpentinised  olivine  of 
characteristic  form  and  optical  properties;  (4)  magnetite  in  small 
grains  and  crystals,  evidently  representing  the  oldest  crystallization ; 
(5)  more  or  less  interstitial  matter,  which  remains  dark  through 
a  complete  rotation  under  crossed  nicols,  and  which  must,  therefore, 
represent  undifferentiated  matter  that  originally  existed  as  glass.  The 
presence  of  olivine,  which  is  even  more  abundant  than  that  in  the 
olivine  basalt  of  the  Lion's  Haunch  (Arthur's  Seat),  along  with 
abundant  plagioclase  felspar  and  a  ground-mass,  shows  the  rock  to  be 
an  olivine  basalt. 

In  conclusion,  it  is  interesting  to  reflect  that  had  such  a  discovery 
been  made  three-quarters  of  a  century  ago,  when  the  Huttonian  and 
Wemerian  controversy  was  at  its  height,  it  would  doubtless  have 
been  triumphantly  adduced  as  a  proof  of  the  correctness  of  the 
Keptunists'  view  that  greenstone  and  trap  are  rocks  of  aqueous 
sedimentary  origin,  in  which  organic  remains  might  reasonably  be 
expected  to  occur. 
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YIII. — The  Yavva.  of  the  Bokkeveld  Beds. 

By  F.  R.  CowPKR  Rbbd,  M.A.,  F.G.S. 

(Coneludsi  from  the  April  Number ^  p.  171.) 

f  IIHE  conspicuous  relations  of  the  brachiopod  fauna  of  these  beds  to 
JL     that  of  the  Lower  Devonian  in  South  America  have  frequently 
l)een  pointed  out,  and  may  be  summarised  as  follows  : — 

(1)  In  the  Falkland  Islands  the  following  South  African  species 
are  found  (12): — 

Chonetet  falklandietis*  Spirifer  antaretieut, 

Orthothetet  Sulivani,  CrjfptoneUa  Baini, 

Stropheodonta  eoneinnam  Orbicuioidea  Bainu 
LeptocoBliaJUibeUiteM. 

(2)  On  the  South  American  continent  the  following  identical  or 
sillied  species  occur : — 

South  Africa.  South  Axsrica. 

Ziffffida  aS.  derna         Zw^ula  Ookeni^  Vhr,    B. 

!Orb.  Baini.    Br. 
Diieina  sp.  a,  ITlr.    B. 
Orb.  cf.  humilU,  Hall.    A.,  Br. 
Strophonella  «^ Strophomenav^,  fi^Vir,     B. 

OrtKoik^U.  SuH.ani     [tttt^^T    ^^ 

!Ck,  Comtioeki,  Hartt.    Br. 
Ck,  Buekif  Ulr.     B. 
Ch,  falklandiem.    A.,  Br. 

Ch,Qi.Areei      Ch.  Areei,J3\v,    A.,  B. 

Ch.  ct.  coronatM  ...         ...         Ch,  eoronatutf  Com,     A. 

OrthisBp.?  OrMw  sp. /9,  Ulr.     B. 

Leptocalia Jlahellitei      ...         ...         Lepto.JUtbellUes^  Conr.     A.,  B.,  Br. 

Vitulitia  pitttuhsa         Vit, pttttulota y'H.fdi.     A.,  B.,  Br. 

?  Ti-opidoUptuM  carinaiua  ...         Trop.  earinatits,  Conr.     B.,  Br. 

Retzia  ci.  Adrieni  Retzia  ^  wardiana^  MkiH  &  "iiAHti.     Br. 

Trigeria?  simplex         Jihy»eho»pira  ?  jamesiana  i^taii).     Br. 

Rhynchonpira^  Silveti Rh. 't  S%lveti,\j\x,     B. 

^caphxoccelia  afrieana    ...         ...         Scaph.  bolivienaiiy'Whiif.     B. 

Cry ptouella  Baini  Crypt.  Riskow»ki^\j\T.     B. 

Cryptouella't  ?<\i,  Oriikania  navicellay  YldM  &.  Q\9lk.e.     Br. 

I  Sp.  aniareit'eiitf  M.  &  S.     A. 
Spirifer  antarctieua  4-  (h^bignyi      \  Sp.  Chuquisaea^  Ulr.     B.,  Br. 

(  Sp,  buarquiatiusy  Rath.     Br. 
Sp.  Crrei  ...         ...  ...         Sp.  lanro'^odreafnu^  Katz.     Br. 

Sp.  Qi.pcdroanui  ...         ...         Sp.  pedroanus^  Hartt  &  li.     Br. 

B.  =  Bolivia  ;  Br.  =  Brazil ;  A.  =  Argfentina. 

It  is  noteworthy  that  no  members  of  the  genera  Renuelaiia  or 
Fiychospira  have  so  fur  been  recorded  from  South  America. 

Ulrich  (16)  was  the  first  to  remark  upon  the  affinities  of  the  South 
African  brachiopods  of  tlie  Bokkeveld  Beds  to  those  of  the  Hamilton 
•Group  in  North  America,  and  especially  referred  to  Leptoccelia  flahelliteM 
and  ViiuUna  pustulosa.  The  following  allied  or  identical  species  have 
so  far  been  noticed  as  occurring  in  the  North  American  Devonian: — 

South  Africa.  North  America* 

Lingula  2ii!i.  densa      ...         ...         Zinguta denM,  KaW, — Hamilton. 

Orbicuioidea  Baiui     ...         ...         Orb.  humilia^'UdW,     Marc,  and  Ham. 

Strophouella  Qi.  coneinna      ...         Stroph.  perplana,  Qoni,     Up.  Held. -Chemuiig* 
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StropkotteUa  sp 

Ortkothetes  Sulivani ... 
Chonetet  cf.  eoronattu 
Ch.  aS.  s^tiger 

Orthit  ap*2 

Bkynchontlla  sp.  ?     

MentteUtria  sp.  a,  Reed  ) 

(?  =  R.  relieta,  Schwarz)  j 

B.  sp.  /9,  Reed  

Trigeria  aff.  Gandryi 
LeptoeatUaJlabeJlitei 

VituUna  pmtulota     

Ambocalia  umbonata 
^  TropidoUpttu  earinatui 

Cryptonella  Bain  i      

Cryptonella  ?  sp 

Spirifer  antaretieu*  +  Orhignyi 
Sp.  ct.ptdroanui       

Spirifer  Ctre*  < 

Sp,  sp.  a.  Reed  | 

The  ranges  of  the  American 


Stroph,  amphy  Hall.     Up.  Held. 

Orih,  ehtmimgensiiy  Conr.     Chemung. 

Ch,  eoronatMy  Hall.     Ham. 

Ch.  setigei'y  Hall.     Marc.-Waverly. 

Orthia  lepidusy  Hall.     Ham. 

Bh.  Hor»furdiy  Hall.    Marc,  and  Ham. 

B.  oeoidetf  Eaton.     Oriskany. 

B.  Cumberhndia,  Hall.     Oriskany. 
Trigeria  Oaudryiy  Oehl.     Oriskany. 
Lepio.JlabelliteM,  Conr.     Orisk.  and  Cornif. 
Vtt.  puttulosaf  Hall.     Ham. 
Amb.  umbonata^  Conr.     Marc.-Chemung. 
Trap.  earinatM^  Conr.     Marc,  and  Ham. 
Crypt,  planirottroy  Hall.     Marc,  and  Ham. 
Oritkafiia  navieelia,  Hall  &  Clarke.     Oriskany. 
Sp.  arrectUBy  Hall.     Oriskany. 
Sp.  mueronatuMy  Conr.    Marc.,  Ham.,  and  Chem. 
Sp.  raricosta,  Conr.     Up.  Held. 
Sp.  dtiod4ttariuSy  Hall.     Up.  Held. 
Sp.  medialisy  Hall.     Marc,  and  Ham. 
Sp.  mtieronatutf  Conr.    Marc.,  Ham.,  and  Chem« 

forms  are  taken  from  Schuchert's  list  (18). 


The  foregoing  list  shows  the  strong  and  close  affinities  of  the 
Bokkeveld  hrachiopods  to  those  of  the  Devonian  of  North  America, 
and  it  is  remarkahlu  that,  according  to  Katzer  (17,  p.  199),  in  the 
case  of  the  Brazilian  members  of  the  same  group  from  the  Maecuru 
Sandstone,  there  is  a  mixture  of  upper  Lower  Devonian  and  Middle 
Devonian  forms,  the  Lower  Devonian  predominating ;  but  in  South 
Africa  the  facies  is  more  that  of  the  Middle. 

Hang  (11)  has  recorded  several  hrachiopods  from  the  Devonian  beds 
of  Tttssili  in  the  Sahara  which  suggest  the  presence  of  the  Bokkeveld 
fauna,  or  at  any  rate  of  elements  of  it.  The  occurrence  of  Spirifer  cf . 
Rotuseaui  has  been  mentioned  above.  The  form  called  by  Haug 
Stropheodcnta  ariskania,  Clarke,  and  compared  with  Sharpens  Chonetes  ? 
sp.  (14,  p.  209,  pi.  xvi,  fig.  14)  from  South  Africa  appears  to  me  to 
resemble  more  closely  my  Stroph.cf.concitina^Marw  &  Sh.).  The  specimen 
figured  as  Chanetes  sp.  by  Haug  may  be  compared  with  my  Ch.  atf .  setiger. 
The  important  species  LeptocoBlia  flabellites  is  definitely  identified  by 
Haug  from  Tassili.  Schwarz  (2)  doubts  the  accuracy  of  Haug's 
determinations,  but  apparently  has  only  the  figures  by  which  to  judge. 

((?)  MolluHca. 

The  list  of  Mollusca  (22)  (2)  (23)  from  the  l^okkeveld  Beds  is  as 
foUows : — 

Ortkoeerat  gamkaensiSf  Reod. 
O.  bokiereldenM,  Reed. 
O.  res,  Schwarz. 
BUwrvtomaria  aS.  Kayaerij  Ulr. 
BelUrophoH  guadrifobatm,  Salter. 
B.  (Bueanislla)  aff.  trilobutits.  Sow. 
B.  {BucanifUa)  cf.  Btissi,  Clarke. 
B.  ef.  morgmniatm*,  Hartt  &  Rath. 
B.  {Ptedonotus)  aff.  Saiteri,  Clarke. 
Loxonmma  sp. 
JETolpiPMi  BMinif  Sharpe. 


Diffphorosloma  ?  np. 

TeiUacuHtei*  cyofalmtiSy  Sharpe. 

T.  Baini,  RtHsl. 

Byolithet  aubfequaliB  (Salter). 

Coiiularia  africamty  Shnrpe. 

C.  quichtMy  Stein.  D<kl. 

C.  cf.  undulatOy  Cour. 

C.  cf.  aeutay  Rot'in. 

Nueulites  abbreriatttn  (Sharpe). 

JV.  africamis  (Salter). 

N.  Brannen\  Clarke. 
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Nuculitex  cnpeiinis^  Reed. 

N.  co/ouicn»j  Reed. 

iV,  hiuitlata,  Schwarz. 

N.  tnartialitt,  R(»ed. 

y.  ?  ovatiia  (Shaq)t^). 

N.  cf.  Smifhi,  Clarke. 

JTu/frounfo  anfi/jua  (Sharpe). 

P.  ?  arcnata,  Schwarz. 

P.  liuyeri,  Schwarz. 

P.  rudis  (Sharpe). 

P.  ftihnHfiqua,  Reed. 

J\  Jiff,  const}  id  a  (Conr.), 

F.  ci.  fee  Hilda,  Hall. 

T.  sp.  ind.,  Reed. 

Nucuhnin  (  =  Leda)  inornata  (Sharpe), 

Buchiolii  ttuhpalmata^  Reed. 

B.  pp.  ind.,  Reed. 


Cardiontorpka  eampetfris.  Reed. 

Pneeaidittm  ?  sp.,  Reed. 

P  Cypricardella  Fohli,  Clarke. 

Afiodontopsi*  ?  rttdh  (Sharpe). 

Orthottot'i  aflp.  undulata  (Cour.). 

Grammyaia  corrityata  (Sharpe). 

Gr.  sp. 

SanguiHoUtea  niger,  Reod. 

S.  ?  a€fi\  Reed. 

Glossitei  afiP.  deprnsiUf  IXall. 

Kyassa  arguta^  Hull. 

Modiomorpha  Baini  (Sharpe). 

M.  ci.  pimentaua^  Ilartt  &  Rath. 

M.  aff.  SelUu'i,  Clarke. 

Bij9soptei'ia  ?  sp, 

Actinoptetia  aff.  Bogdi,  Conr. 

^f^.  sp.  ind.,  Reed. 


The  r(jlations  of  these  species  to  those  from  the  Devonian  of  South 
America  arc  shown  below  : — 


South  Africa. 

Oi'thoceniH  gamkaensia  ... 
I'lt'Krutomaria  aff.  Koysn'i 
Belierophon  cf.  morgan  ianus 

B.  quadrilohatus 

B,  cf.  Jieifi»i       

B,  aff.  Salferi    

Tenfacuhfes  crotalintts   ... 

T.  Baini ... 
Jfyolithes  nubcequalis 
Conularia  africarui 

C.  qn'ichua 

i.\  cf.  ur.dnlala  ... 
C.  cf.  acuta 
Xucnii ten  african us 
2\^.  cf.  tSmithi 
y,  Brauneri 
Pahconcilo  rudis 
T.  autiqua 

Nuculana  ( =  Lcda)  inornata 

?  CypricardeUa  Fohh 
Modiomorpha  cf.  pimentana 
M.  afl".  Sfllou'i  ... 
Grammysia  corrugata    ... 

'X»»*l'«  •••  •••  ••• 

ActinopUria  aff.  Boydi ... 


South  Ameuica. 

Orthocei'an  sp.  a,  Ulr.     B. 

P/.  Kayseriy  Ulr.     B. 

P.  inorganiantu,  Clarke.     Br. 


(  H.  Derbyi.  CI.     Br. 
(  P,  sp.  o,  Ulr. 


Br. 
A. 


B. 

(  P.  P<?iw»,  CI.     Br. 
\  H,  eoutinhoana,  CI. 

P.  Sa fieri,  CI.     Br, 
/  T.  rrotaiintUf  Salt. 
;  r.  sp.     A. 
(  r.  ^//M/f^Af,  Hall.     B..  Br, 

T.  eldredgianus,  Hartt  &  Rath.     Br. 

H.  Schencki,  Ulr.     B. 

C.  afrieana^  Sh.     B. 

C.  quichna^  Stein.  Dud.     B,,  A* 

C.  undulata,  Conr,     B. 

C.  cf.  acuta,  Roem.     B. 

N,  BentckH,  Ulr.     B. 

N.  Smithi,  CI.     Br. 

y.  BranueiH,  CI.     Br. 

1\  Orbigngiy  CI.     Br. 

P.  Por^M.     B. 
(  L.  direr sa.  Hall.     Br. 
(  Z.  sp.  o,  Ulr.     B. 

C,  J'ohli,  CI.     Br. 

Af.  pimentana,  Hartt  &  Rath.     Br. 

J/.  iSi-Z/oji?!,  CI.     Br. 

G.  ririchi,  CI.     Br. 

(7.  Gardncri,  CI.     Br. 
( ./I.  cf.  Boydi,  Conr.     B. 
\  A.  Eschwt 


^egei,  CI.     Br. 

It  is  o])vious  from  the  above  list  that  there  is  an  unusually  large 
number  of  closely  allied  or  representative  species  amongst  the  mollusca. 
But  wo  may  note  the  absence  from  South  Africa  (so  far  as  our  present 
knowk(l<]jo  extends)  of  the  genus  Plafyceras^  which  is  represented  in 
South  America  by  ten  or  more  species,  and  is  very  common  in  the 
Devonian  of  the  Amazon.  There  are  likewise  some  lamellibranch 
genera  present  [Jiuchioia,  QlossitcSy  Cardiomorphaf  etc.)  which  appear 
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not  to  be  present  in  South  America,  while  the  latter  region  posftesses 
others  {Tceehomyay  Sphenotus,  Cimitaria,  etc.)  which  have  not  so  far 
been  definitely  recognised  in  South  Africa.  But  negative  evidence  of 
this  kind  under  the  circumstances  is  of  little  import. 

Of  Bokkeveld  species  of  mollusca  allied  to  or  identical  with  North 
American  Devonian  forms,  the  following  list  may  be  given : — 

South  Africa.  North  Amrrica. 

Orthoeerat  bokkevtldensit         ...         0.  typum^  Roem. 

pz^r^//^*..^.-^  «#    TT^^^^  f  ^^'  /"«"«,  Hall.     Up.  Held,  and  Ham. 

Fkuroionun-ta  aS.  Kayunrt       ...      (  p/.  ;r,,^^  Hall.     UptHeld. 

Zoxanemasp L.  delphieola,  M.sill.     Ham. 

TentaeiUites  erotalinu* T.  bellHlu9yllvM,     Ham. 

Jlyolithia  xithttqualii     JTl  %^a,  Hall.     Schoharie. 

Cotmlaria  africana        C.  el^antula,  MeeV.     Up.  Held. 

C.  cf.  undttUUa C.  undulatay  Hall.     Ham. 

IftictUitM  capeniis  JV.  oblongatui^  Conr.     Ham. 

iV.  fnartiali»       N.  tr\quetei\  Hall.     Ham. 

y.  cf.  Smithi     ^V.  elongatus^  Conr.     Ham. 

IrtrS/^'^}       i>./..««*.,  HaU.     Ham. 

F.  nft,  eotutrieta  P.  eo-.utrieta^  Com.     Ham. 

yuculana  [Leda)  inomata        ...         X.  diver sa^  Uall.     Ham. 

Buchiola  subpalmata     JB.  specionai  HaW.     Genn. 

Orihonota  aS.  undulata  ...         0.  lotdulata^  Conr.     Ham. 

/,  .    .„  (  G.  alveatay  Conr.     Ham. 

6rriwitmy*Mi  sp {  O.  lirata,  Ea\\.    Up.  Held,  and  Ham. 

Jfyassa  arguta N.  argntay  Hall.     Ham. 

r^i     's^^  -«  ^  ^  0.  deprtMUB.  Hall.     Chem. 

<7to,«/«  aff.  */.rr,.«, {  O. /i,V^r«,/«:  Hall.     Chem. 

Jfodiomorpha  Baini       M.  aUa,  Com.     Ham. 

Aetinopterxa  9SI.  Boydi A,  Boydiy  Cora,     Ham. 

There  is  a  plain  Hamiltouian  (Middle  Devonian)  facies  in  the 
mollusca  of  the  Bokkeveld  Beds  which  is  brought  out  by  the  above 
list.  The  same  feature  is  noticeable  to  a  certain  extent  in  the 
Devonian  of  South  America,  especially  in  Brazil,  according  to  Katzer 
(17,  p.  199). 

Haug  (19)  has  recently  recorded  Conularia  africana  and  Actinopteria 
aff.  Boydi  from  the  Devonian  of  the  Central  Sahara  in  addition  to  the 
brachiopods  and  trilobites  above  mentioned,  and  the  evidence  for  the 
occurrence  of  the  Bokkeveld  fauna  in  Northern  Africa  is  thus  gaining 
strength. 

(rf)  MiscellaneouB, 

The  remaining  few  fossils  from  the  Bokkeveld  Beds  belong  to 
various  groups,  and  comprise  the  following: — 

Serffulite*  riea,  Salter.  Opbiuroids  (undcscribed). 

Ophiocrinut  Stangeri,  Salter.  Zaphrentia  zebra y  Schwarz. 

Geneeal  Charactebs  of  the  Fauna. 

Reviewing  the  fauna  as  a  whole,  we  note  the  abundance  of  species 
of  brachiopods,  lamellibranchs,  and  trilobites,  and  this  abundance  is 
also  expressed  in  individuals.  These  groups  compose  the  bulk  of  the 
whole  fanna.  Cephalopods  are  very  rare,  and  corals  arc  practically 
absent.      Certain  genera  predominate    in  the  three   main   groups  : 
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amongst  the  trilobitcs  JTomahnottu  and  two  special  subgenera  of 
Ph^4!opB ;  amongst  the  brachiopods  Spirifer,  and  members  of  the  genera 
variously  termed  RhynehoBpira,  Behia,  Bemaelitria,  and  Irigeria,  while 
Lepto.  flahellites  is  the  most  abundant  form  uf  all.  Chonefet  is  also 
represented  hj  several  distinct  species,  and  is  not  an  uncommon  form. 
The  most  prominent  MoUusca  are  BeUerophon  {Bueaniella),  Canularia, 
JPalaoneilo,  and  Niteidit^M,  the  two  latter  containing  at  least  16  species. 
All  other  groups  are  very  poorly  represented. 

Further  research  may  somewhat  alter  the  proportions  of  the  various 
gi'oups  and  reveal  new  species  and  genera,  but  is  scarcely  likely  to 
lead  to  a  complete  re-casting  of  our  conclusions. 

Eelatioks  to  Devonia^n  Faunas  of  other  Reoioks. 

(a)  South  America, 

The  close  relations  of  the  Bokkeveld  fauna  to  that  of  the  Devonian  beds 
of  South  America  have  been  brought  out  in  comparing  the  trilobitcs, 
brachiopods,  and  mollusca  separately,  and  they  have  been  remarked  by 
all  workers  on  the  fossils.  Katzer  (15,  p.  28)  has  especially  compared 
the  Amazonian  fauna  with  it,  and  concludes  that  they  are  of  the  same 
age.  The  intimate  nature  of  the  relations  between  the  several 
Devonian  faunas  of  South  America  itself  has  been  emphasised  by  the 
same  author  as  well  as  by  Clarke  (8a,  pp.  80-90)  and  Thomas  (10). 

(h)  North  America, 

The  same  authors  lay  stress  on  the  resemblance  of  these  various 
Devonian  faunas  of  South  America  to  that  of  the  Hamilton  Beds 
of  North  America.  Kayser  (20,  p.  317)  had  previously  insisted  on  this 
point,  and  we  have  seen  the  strength  of  the  same  resemblance  in  the 
case  of  the  South  African  fauna.  Moreover,  the  same  peculiar  admixture 
of  Lower  Devonian  forms  with  those  of  Middle  Devonian  age  is  likewise 
noticeable  in  South  Africa,  but  the  latter  predominate  and  give  the 
principal  features  to  the  fauna  of  the  Bokkeveld  Beds. 

In  South  Africa  there  are  species  allied  to  or  identical  with  those  of 
the  Upper  Helderberg  Group  (including  the  Oriskany  Sandstone), 
of  the  Hamilton  Group,  and  of  the  Chemung  Group ;  and  Katzer 
(15,  pp.  20-22)  has  recojj^nised  the  same  in  the  Amazonian  faunas. 
The  conclusion  to  wliich  Thomas  (10)  is  led  with  regard  to  the  age  of 
all  the  South  American  Devonian  beds  is  that  it  is  close  upon  the 
borders  of  the  Lower  and  Middle  Devonian.  But  Katzer  is  of  the 
opinion  that  the  Devonian  fauna  of  the  Amazon,  and  especially  the 
Maccurii  fauna,  is  more  closely  connected  with  the  Middle  than  with 
the  Lower  Devonian  of  North  America;  and  it  is  to  this  conclusion 
I  am  brought  by  the  foregoing  study  of  the  affinities  of  the  Bokkeveld 
fauna.  The  evidence  of  each  zoological  group,  so  far  as  it  is  known, 
points  in  this  direction,  and  I  believe  it  is  largely  the  lithological 
resemblance  of  the  beds  to  the  well-known  Spirifer  Sandstone  of  the 
Rhenish  Lower  Devonian  which  at  first  inclines  one  to  put  the  South 
African  beds  on  the  lower  stratigraphical  horizon.  But  to  this  feature 
reference  is  again  made  below. 
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(<?)  Europe. 

If  we  compare  the  fauna  of  the  Bokkeveld  Beds  with  that  of 
Southern  and  Western  Europe,  as  Katzer  (15,  pp.  36-40)  has  done  for 
the  South  American  Devonian,  we  may  together  with  him  first  notice 
that  it  is  on  the  hanks  of  the  Bosphofus  (24)  that  we  seem  to  get 
a  peculiar  resemblance,  as  the  Lower  (?)  Devonian  fossils  described  by 
De  Vcmeuil  (24)  show.  In  connection  with  the  Bolivian  fauna  TJlrich 
(9)  has  similarly  drawn  attention  to  this  fact,  and  points  to  the 
presto  nee  of  ribbed  Centronellids,  of  members  of  the  group  Belle  rophon 
tn'lobatus,  of  two  species  of  Homalonotue  allied  to  JET.  acanthurus,  of 
a  Ct'f/phaus  recalling  C.  pattuna,  and  of  Tropidoleptue  earinatue 
(usually  described  in  Europe  as  Strophomena  laticosta^  D'Orb.).  Clarke 
has  i-ef erred  to  this  resemblance  in  the  case  of  the  trilobites  of  the 
Maecuru  (8,  pp.  43,  46).  Purther  investigation  of  these  Bosphorus 
Beds  might  yield  interesting  and  important  results  in  this  connection. 
But  at  present  the  evidence  is  scanty  and  insufficient. 

In  Western  Europe  it  is  in  the  fauna  of  the  Coblenz  Beds  (upper 
Lower  Devonian)  that  one  finds  the  strongest  and  most  numerous  points 
of  resemblance.  As  above  mentioned,  the  similarity  in  the  lithological 
characters  of  the  rock  and  mode  of  preservation  of  the  fossils  are 
additionally  suggestive  and  lend  a  certain  assistance  in  any  comparison. 
But  when  we  come  to  compare  the  species  separately  and  minutely  we 
do  not  find  such  a  close  agreement  or  so  much  affinity  as  might  be 
expected.  Amongst  the  trilobites  it  is  chiefly  in  the  species  of 
RomaloHotus  that  we  find  degrees  of  relationship,  and  these  may  not 
be  so  close  as  has  been  urged  (2).  According  to  Lake  JET.  Herscheli 
has  its  nearest  ally  in  JET.  armatus,  Burm,  from  the  Lower  Coblenz 
Beds  ;  and  JET.  qttemue  in  M,  euharmatus,  Koch,  from  the  Upper  Coblenz 
3eds.  The  Phacopidse  belong  to  quite  distinct  types,  though  the 
Bokkeveld  Balmanitee  may  belong  (like  D,  maecuruay  Clarke,  from 
the  Amazon)  to  the  widespread  Mammanni  group.  Amongst  the 
brachiopods  we  have  the  group  of  Sp,  antarcticuB  closely  related  to 
8p.  priniavus  and  its  allies ;  Ch.  falklandicue  is  allied  to  Ch.  sarcinulata ; 
Retzta  Adrienif  De  Vem.,  occurs  typically  in  the  Lower  Devonian  of 
Europe,  and  so  does  Irigeria  Gaudrt/i;  and  Amhocoelia  umhonata  has 
been  recorded  from  Western  France ;  Orthothetes  Sulivani  has  certain 
affinities  with  the  well-known  0.  umbraculum  from  the  Middle 
Devonian  of  Europe.  Rhynchospira  {'i)  Silveti  is  probably  allied  to 
Centronella  Bergeroniy  Oehl.,  and  perhaps  to  C.  Guerangeri  (De  Veru.), 
both  of  the  Lower  Devooian,  and  Ptychoi^pira  variegata  finds  its  nearest 
ally  in  the  Middle  Devonian  form  Ft.  ferita^  Von  Buch,  and  the 
genus  is  not  known  from  South  America.  Rensselaria  confluentina  is 
«  Khenish  Lower  ])evonian  species.  If  Tropidolepius  carinatus  occurs 
in  the  Bokkeveld  Beds  it  is  represented  in  Eui'ope  by  the  identical 
Strophomena  laticosta. 

The  Mollusca  which  show  affinities  to  European  forms  are  the 
iollowing ; — 

B«lUrophon  titt.  trilobatus         ...        B.  (rilobalus,  var.  tumiduSf  Sandberger. 

Lr.  Dev. 

CnnlfU,  a.  otHta       I  C.  .«Ap«.WW»,  Sandb     Lr.  Der. 

\  C.  acuta,  Roero.     JjT.  Der. 
Ormmmfftiasp 6^.  ora/a,  Sandb.    Lr.  Dev. 
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JV-'«to,X«  """^^ }     -        •••  CHCHOella  Mifiica,^*^.    Lr.  Der. 

N.  capemiM         K,  tolencitUs  (Ooldf.).    Lr.  DeY. 

Bttchiola  aubptUtnata     B,  palnutta  (Goldf.)*    Mid.  Der. 

SanguinoUtet  niger        8,  Marsi,  Oehl.     Lr.  Der. 

Actinopteria  aff.  Boydi Act.  THgeri^  Oehl.     Lr.  Der. 

We  have  therefore  to  acknowledge  a  certain  degree  of  affinity  to  the 
fauna  of  the  Cohlcnzian  Beds,  hut  it  is  of  much  less  strength  than 
that  shown  to  the  North  American  heds. 

The  problem,  however,  now  confronts  ns  of  the  alliance  of  the 
Bokkeveld  fauna  being  closer  with  the  Middle  Devonian  of  North  America 
than  with  the  Lower,  while  in  Europe  it  is  with  the  undoubted  Lotcer 
Devonian  fauna  that  we  find  most  points  of  resemblance.  The  same 
difficulty  hns  to  be  faced  with  regard  to  the  South  American  fauna, 
and  Katzcr  (15)  inclines  to  the  explanation  that  the  European  Lower 
Devonian  forms  migrated  to  America,  appearing  and  living  on  later 
there  so  as  to  form  an  element  in  the  Middle  Devonian  of  that  area. 
Probably  the  physical  conditions  which  they  found,  especially  in  South 
America,  and  wo  may  add  South  Africa,  were  conducive  to  their 
persistence,  as  these  resembled  the  Coblenzian  of  Western  Europe.  By 
this  attitude  Katzer  is  in  favour  of  the  non-contemporaneous  appearance 
of  the  same  or  closely  allied  forms  in  Europe  and  America;  and  he 
suggests  that  the  whole  movement  and  dispersion  of  the  faunas  was 
connected  with  that  widespread  transgression  of  the  Middle  Devonian 
seas  of  which  fresh  evidence  is  constantly  being  found  (25).  It  was, 
however,  the  typical  West  European  Middle  Devonian  fauna  which 
spread  over  the  widest  area,  but  its  extension  is  found  to  the  east  of 
its  well-known  habitat  in  Western  Europe,  and  not  to  the  south  or 
west.  It  has  been  discovered  throughout  Central  Asia  northwards 
to  Shantung  and  south  words  to  Burma,  and  as  far  as  Australia, 
a  growing  admixture  of  American  forms  being  generally  noticeable  as 
we  proceed  eastwards.  The  characteristic  cidcarcous  development  of 
this  type  is  in  marked  contrast  to  the  arenaceous  or  argillaceous  nature 
of  the  South  Afiican  and  South  American  beds,  and  the  physical 
conditions  must  natui*ally  have  largely  influenced  the  composition  of 
the  faunas. 

The  whole  question  of  the  migration  of  faunas,  particularly  in 
connection  with  the  Devonian  beds  of  North  America,  has  been 
recently  discussed  in  much  detail  by  H.  S.  W^illiams  (31),  and  he  haa 
sliown  by  a  wide  collection  of  facts  and.  statistics  that  there  was 
frequent  lateral  shifting,  emigration,  recurrence,  and  overlapping  of 
faunas  living  in  the  same  general  marine  province,  with  occasional 
invasions  of  strange  faunas  from  neighbouring  or  distant  areas. 
Migrations  have  been  usually  attended  by  modifications  of  some  of 
the  species,  or  of  their  proportionate  abundance ;  other  forms  which 
wen;  unable  to  shift  or  adapt  themselves  to  new  conditions  with 
Bufficicnl  rapidity  become  extinct,  while  others  are  stimulated  to 
mutation  (in  De  Yries'  sense)  and  new  types  are  produced.  An 
incor])oration  of  elements  previously  existing  in  the  invaded  area  may 
also  be  occasionally  noticed.  In  this  way  the  survival  of  an  older 
fauna  in  its  integrity,  or  at  any  rate  of  a  considerable  remnant,  may 
take  place  owing  to  lateral  shifting,  and  the  lifetime  ^biochron)  ^ 
any  fauna  does  not  necessarily,  or  even  generally,  coincide  with  the 
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limits  of  the  formation  in  which  it  is  typically  developed,  nor  does 
faunal  equivalency  necessarily  imply  contemporarteity  of  formation. 

If  wo  look  upon  the  Bokkeveld  fauna  in  this  light  we  may  regard 
the  European  Coblenzian  elements  as  the  late  survivals  of  a  migratory 
movement  from  the  north,  while  the  general  facies  is  that  of  the 
American  Middle  Devonian  modified  by  and  incoi'porated  with  the 
special  fauna  of  the  Southern  Ocean  and  with  the  local  types  of  the 
South  African  region  of  the  period. 

Distribution. 

In  the' construction  of  Katzer's  sketch-map  (15,  pp.  40-50)  showing 
the  general  distribution  of  sea  and  land  at  t)ie  beginning  of  Middle 
Devonian  times  the  distinctive  characters  of  the  faunas  and  of  the 
rocks  in  which  they  occur  have  been  utilised,  and  with  the  exception 
of  Haug's  important  discoveries  in  the  Sahara  there  has  been  no  new 
evidence  to  disturb  the  general  outlines  there  shown  for  the  southern 
hemisphere.  In  the  case  of  the  northern  hemisphere  Schuchert's  (27) 
work  on  the  North  American  Devonian  palaeogeography  and 
Lebedew's  (28)  researches  on  the  distribution  of  Devonian  corals 
in  Asiatic  Russia  and  £urope  may  necessitate  some  modifications  into 
Trhich  one  need  not  here  enter.  In  his  map  Katzer  shows  a  great 
continental  mass  of  land  which  lie  terms  the  '  Atlantic-Ethiopian 
continent/  extending  all  over  the  North  and  Central  Atlantic, 
covering  a  great  part  of  North  America  and  the  whole  of  Africa, 
except  the  northern  portion  and  tlie  Cape.  A  great  *  Southern  Ocean ' 
washes  the  southern  shores  of  this  continent,  and  on  its  eastern  side 
this  ocean  is  connected  with  the  main  European  marine  areas  by  an 

•  Indian  Connecting  Sea,*  or  rather  broad  straits,  reaching  up  from  the 
present  Indian  Ocean  across  Arabia  and  Asia  Minor,  and  thus  linking 
up  the  Bosphorus  fauna  with  that  of  the  Cape.  On  the  west  side 
of  the  *  Atlantic- Ethiopian  Continent  *  a  tract  of  water  termed  the 
'Brazilian   Connecting  Sea'  stretches  across  South   America  to  the 

*  Great  Pacific  Ocean,'  and  this  has  a  shallow  bay  invading  Brazil, 
and  a  deeper  bay  cutting  into  the  centre  of  the  United  States  and 
forming  the  so-called  *  Appalachian  Bay.*  It  was  in  the  *  Brazilian 
Sea'  that  the  South  American   Devonian  beds  accumulated.     A  great 

•  Southern  Continent '  bounded  this  sea  on  the  west,  and  extended 
across  the  South  Pacific  to  New  Zealand  and  north  of  it.  Such  is 
Katzer's  schematic  restoration  of  land  and  sea  areas  in  tlio  southern 
hemisphere  in  connection  with  liis  stud}*  and  comparison  of  the  South 
American  Devonian.  In  so  far  as  it  applies  to  the  Bokkeveld  fauna 
all  the  evidence  available  goes  to  support  its  main  outlines.  Haug*s 
discoveries  in  the  Sahara  may  require  a  more  direct  connection  of  the 
Cape  area  with  North  Afiica,  and  Central  Africa  is  jilinost  unknown 
geologically.  The  route  by  which  the  Coblenzian  types  of  Western 
Europe  found  their  way  to  the  south  and  west  is  not  so  clear,  as  the 

*  Atlantic-Ethiopian  Continent '  would  offer  an  insuperable  barrier  to 
a  direct  migration.  Haug  (32,  p.  694)  attacked  the  problems  of  palaio- 
geography  from  the  consideration  of  the  position  of  the  geosynclinals, 
and  was  led  likewise  to  place  a  great  land  barrier  (the  '  Africano- 
Brazilian  Continent')  to  the  north  of  the  sea  in  which  the  Devonian 
of  South  Africa  and  South  America  were  deposited.     But  these  views 
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were  published  prior  to  the  Saharan  discoveries.  Schwarz  (33)  has 
called  Katzer's  *  Atlantic-Ethiopian  Continent '  by  the  simpler  name 
of  *Flabellite  Land,*  after  the  characteristic  fossil  i^^^«p/iVj7^<iW/i'^«. 

Freeh  (26,  p.  239)  has  proceeded  on  the  view  that  the  Bokkcveld 
beds  are  of  Lower  Devonian  age,  and  his  restoration  of  the  ancient 
geography  differs  somewhat  from  Katzer's.  By  the  insertion  of 
a  narrow  strait  cutting  across  Katzer's  *  Atlantic-Ethiopian  Continent ' 
and  separating  his  own  *  Indo- African  Continent'  from  his  'North 
Atlantic  Peninsula '  (which  coiTesponds  more  or  less  with  the  nortliem 
half  of  Katzer's  aforesaid  continent)  he  brings  into  connection  the 
West  European  and  South  African  faunas,  which  Katzer  failed  to  do. 
The  latter's  *  Indian  Connecting  Sea  *  to  the  east  of  the  present 
African  continent  finds  no  place  in  Freeh's  map,  and  we  notice,  too, 
the  practical  absence  of  the  great  '  Southern  Continent '  in  the  South 
Pacific,  and  the  consequent  merging  of  the  '  Brazilian  Connecting  Sea ' 
into  the  main  Pacific  Ocean.  The  'Northern  Helderberg  Sea'  of 
Freeh's  map  corresponds  somewhat  to  Katzer's  '  Appalachian  Bay ' 
and  passes  south wiuds  into  the  '  Southern  Helderberg  Sea,'  which  is 
represented  as  covering  most  of  South  America.  A  '  South  Atlantic 
Island'  more  or  less  prevents  a  direct  communication  between  the 
Cape  and  the  Falkland  Islands. 

The  restoration  of  past  geographical  conditions  is  not  as  a  rule 
satisfactory,  and  such  maps  must  be  largely  speculative,  the  real 
causes  which  determined  the  differentiation  of  the  faunas  being  rarely 
ascertainable.  The  habit  of  imagining  the  existence  of  land  barriers 
to  account  for  differences  in  contemporaneous  geological  marine 
faunas  may  be  carried  too  far,  particularly  in  dealing  with  the 
distribution  of  molluscan  faunas  indicating  water  of  moderate  depths. 
The  factors  which  are  responsible  ai*e  much  more  subtle  and 
intangible.  The  present  arrangement  of  marine  zoological  provinces 
round  the  coasts  of  the  Atlantic  affords  a  lesson  and  a  warning. 
Apart  from  lithological  characters  of  the  beds  and  other  geological 
considerations,  the  mere  faunistic  difference  of  contemporaneous  beds 
is  quite  compatible  with  their  deposition  in  the  same  ocean  basin  either 
along  continuous  coastlines  or  on  opposite  shores  with  open  sea  between 
them  and  without  any  land  barriers  to  separate  them.  Differences  of 
climate  are  frequently  invoked  to  explain  such  dificulties,  but  we 
now  know  from  marine  biological  research  that  climate  is  only  one 
factor,  and  not  by  any  means  the  most  important  one,  in  determining 
the  characters  and  distribution  of  marine  littoral  faunas.  Walther  (30) 
has  especially  laid  stress  on  the  importance  of  bearing  this  in  mind 
in  dealing  with  the  fossil  contents  of  marine  formations,  and  the 
modifications  of  Ncumayr's  Jurassic  theories  which  recent  work  in 
South  America,  the  Arctic  regions,  and  elsewhere  has  necessitated, 
emphasise  the  wisdom  of  allowing  for  the  action  of  other  factors. 

Conclusions. 
Summing  up  the  results  of  the  foregoing  survey  we  are  led  to  the 
following  conclusions: — 

1.  The  Bokkeveld  fauna  is  more  closely  allied  to  that  of  the 
Devonian  of  South  America  than  to  that  of  any  othei*  area. 

2.  This  southern  Devonian  fauna  is  marked  by  the  special  develop* 
ment  of  certain  peculiar  subgenera  {AnchiopeUa  and  Metaeiyphmui)^ 
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and  by  the  predominance  of  other  genera  or  groups  (e.gl  Palaoneilo, 
Nueidites^  ribbed  Centronellids,  Bellerophontids  of  the  trilohatus  group), 
as  well  as  by  the  absence  or  extreme  rarity  of  many  others  and  of 
certain  groups  (cephalopods,  corals,  bryozoans). 

3.  The  affinities  of  this  fauna  are  much  closer  to  that  of  the  Devonian 
of  North  America  (eastern  parts)  than  to  the  West  European  type. 

4.  The  palaeontological  evidence  tends  to  show  that  the  Bokkeveld 
fauna  is  rather  Middle  Devonian  than  Lower  Devonian  when  compared 
with  North  American  faunas. 

5.  The  European  elements  of  the  Bokkeveld  fauna,  on  the  other 
hand,  have  the  facies  of  the  Rhenish  Lower  Devonian  (Coblenzian) 
rather  than  of  the  Middle  Devonian  of  Western  Europe. 

6.  These 'European  elements,  though  generally  recognisable  in  the 
southern  fauna,  are  more  strongly  represented  in  South  Africa  than  in 
South  Aiperica. 

7.  The  Bokkeveld  fauna  has  a  certain  indi^dduality  of  its  own 
owing  to  the  presence  of  certain  peculiar  genenv  (e.g.  Typhloniscwi) 
and  species,  in  spite  of  its  close  relations  to  that  of  the  South  American 
Devonian. 

8.  The  Bokkeveld  fauna  contains  the  following  elements,  in  their 
order  of  relative  importance  and  abundance :  ( I )  species  and  groups 
identical  with  or  allied  to  South  American  Devonian  types ;  (2)  species 
identical  with  or  allied  to  Middle  Devonian  types  of  North  America, 
including  many  in  the  first  category  ;  (3)  species  allied  to  Coblenzian 
species  of  Western  Europe ;  (4)  species  or  typos  peculiar  to  South 
Africa  or  with  remote  and  obscure  affinities. 
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Corrigendum, — On  p.  170  in  the  April  number  of  this  Magazine  the  species  of 
Phncops  mentioned  as  *'  a  form  compared  with  Ph,  rana^  Groen  .  •  .  •  bj 
Kayftcr,"  has  been  described  by  Mr.  I.  Thomas  (10,  p.  16)  as  a  new  species  under  the 
name  of  PA.  argentinut. 

I. — New  Memoir  and  Map  of  the  Gsolooical  Sdrybt  of  Ireland. 
The  Oeolooy  of  the  CouNTRr  arouitd  Limerick.  By  G.  W. 
Lamplugh,  F.K.S.,  S.  B.  Wilkinson,  J.  B.  Kilroe,  A.  McHenrt, 
M.R.I.A.,  H.  J.  Seymoor,  B.A.,  F.G.S.,  and  W.  B.  Wrioht, 
B.A.,  F.G.S.  1907.  9 J'' X  6'' ;  pp.  vi  +  120,  with  7  photo- 
graphic process  plates  and  11  figures  in  text.  Price  2s.  [In 
explanation  of  map  1  inch  to  1  mile  (7ir3?rzr)i  Limerick  District 
(Drift  Series),  parts  of  Sheets  143  and  144,  colour-printed, 
puhlished  1906,  price  Is.  6rf.] 

rilHE  area  comprised  in  the  map  and  described  in  the  memoir 
1  amounts  to  216  square  miles,  and  includes  Castleconnell, 
Caherconlish,  A  dare,  and  of  course  Limerick.  The  river  Shannon 
enters  the  area  on  the  north-east,  bends  westward,  and  flows  for 
20  miles  generally  westward. 

The  solid  geology  is  described  by  Mr.  J.  R.  Kilroe.  The  oldest 
rocks  shown  are  Upper  Silurian  Llandovery  beds,  close  to  the  northern 
margin  of  the  map.  They  are  calcareous  shales  and  grit«  and  clay 
rocks,  and  have  been  intensely  affected  by  pre-Carboniferous  com- 
pression, which  produced  cleavage  and  here  and  there  violent 
contortion  along  nearly  east  and  west  axes.  The  highly  contorted 
and  fractured  Silurian  beds  were  subjected  to  extensive  denudation 
prior  to  the  deposition  of  Upper  Old  lied  strata,  their  upturned 
truncated  edges  forming  the  floor  upon  which  the  latter  were  laid 
down.  The  Upper  Old  lied  Sandstone  is  usually  a  coarse  yellow 
quartzosc  grit,  sometimes  conglomeratic  and  sometimes  calcareous, 
and  often  having  greenish  sandy  shale  partings  between  the  beds. 
It  overlies  the  Silurian  rocks  near  the  north-west  margin  of  the  area, 
and  forms  the  foothills  of  the  Slicvefelim  range  at  the  eastern  margin. 
It  conformably  underlies  the  Lower  Carboniferous  series,  but  fossil 
evidence  of  its  age  is  wanting. 

The  Carboniferous  Lower  Limestone  Shale  is  about  50  feet  thick, 
am\  forms  a  narrow  band,  8  miles  long  and  almost  wholly  concealed 


BeviewB — Geological  Survey  of  Ireland.  233 

bj  drifts,  to  the  south  of  the  Old  Ked  Sandstone,  near  the  northern 
margin  and  to  the  west  of  it  in  the  Slievofelim  district. 

The  overlying  Lower  Limestone  consists  in  the  lower  portions  of 
earthy  limestone,  in  parts  shaLy,  passing  up  into  blue  and  grey  lime- 
stone, much  purer  in  quality  than  the  lower  strata,  containing  some 
chert,  and  being  in  certain  places  dolomitic. 

It  forms  a  strip  J  to  1 J  mile  wide  (the  northern  limb  of  a  syncline), 
overlying  the  Lower  Limestone  Shales  in  the  north  of  the  map  area, 
forms  an  anticline  over  2  miles  broad  in  the  south-eastern  district,  and 
occupies  large  areas  on  the  east  and  west  sides  of  the  district. 

The  Middle  and  Upper  Limestones  arc  undistinguishable  in  this 
district.  A  band  of  cherty  beds  from  20  feet  to  150  feet  in  thickness 
has  been  taken  as  characterising  the  incoming  of  the  upper  series, 
which  includes  the  Middle  and  Upper  Limestones.  Large  con* 
temporaneous  masses  of  igneous  origin  frequently  come  in  just  above  the 
cherty  beds.  Over  these  cherty  beds  or,  where  present,  over  the  igneous 
rocks  are  dark-blue,  sometimes  black,  fetid,  argillaceous  limestones, 
that  generally  have  thin  shale  partings  between  the  beds ;  these  are 
in  some  places  succeeded,  as  we  ascend,  by  another  group  of  igneous 
rocks,  and  these  again  by  blue  compact  limestone.  The  Upper  and 
Middle  Limestones,  including  the  associated  trappean  rocks,  are 
calculated  to  be  about  2,000  feet  thick.  They  occupy  a  great 
synclinal  basin  with  minor  anticlines  in  the  centre  of  the  area. 

In  the  south-east  corner  of  the  area  occur  two  series  of  beds,  which 
were  originally  regarded  as  Coal-measures,  but  which  correspond  in 
stratijsraphical  position  and  approximately  in  age  to  the  subdivisions 
that  have  been  con*elated  elsewhere  in  Ireland  with  the  English 
Toredale  Shale  and  Millstone  Grit  respectively  and  are  now  mapped 
as  such. 

Within  the  limits  of  the  present  sheet  occur  three  large  areas  of 
igneous  rocks,  mainly  of  volcanic  origin,  and  some  seven  smaller 
outlying  areas.  Viewed  in  association  with  similar  rocks  which 
appear  throughout  an  area  extending  some  twenty  miles  to  the 
south-eastward,  they  render  this  region,  in  the  words  of  Sir  A.  Geikie, 
**  one  of  the  most  varied  and  complete  of  all  the  Carboniferous  volcanic 
districts  of  Britain." 

The  igneous  rocks  described  are  Volcanic  Tuff  and  Ash,  Basalt  and 
Dolerite  and  Trachytic  Hocks  (Orthophyrc  [Orthoclase  porphyry] 
type).  It  has  been  generally  held  that  the  basaltic  layers  of  Carrigo- 
gunnel  and  Boughilbreaga  are  contemporaneous  and  *  interbcdded ' 
with  the  tuffs  of  these  localities.  Mr.  Kilroe  cites  evidence  in  favour 
of  the  view  that  they  are  intrusive.  If,  as  is  possible,  the  sills  are 
of  the  period  to  which  the  great  basic  mass  south  of  Bally  brood 
belongs,  they  would  be  more  recent  than  the  Millstone  Grit,  but  how 
much  more  i*ecent  there  is  no  evidence  to  show. 

The  Glacial  Drifts.  While  most  abundantly  developed  on  the 
lower  ground,  the  glacial  deposits  are  found  overlying  the  solid  rocks 
in  every  part  of  the  district. 

Unstratified  boulder-clay,  the  direct  product  of  the  ice-sheet,  con- 
ititates  the  most  prevalent  type  of  glacial  drift,  but  there  are 
extensiye  masses  of  stratitied  drift  consisting  of  sand  and  gravel 
snorted  and  deposited  by  water.     The  two  varieties  of  Boulder-^U.'^ 
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most  prevalent  in  the  present  map  are  derived  respectively  from  the 
Carboniferous  Limestone  and  from  the  Old  Red  Sandstone. 

Boulders  of  Carboniferous  Limestone  are  more  abundant  than  those 
of  any  other  rock,  and  are  so  large  and  so  numerous  that  it  is  some* 
times  difficult  to  decide  from  a  small  outcrop  whether  the  limestone 
is  in  place  or  is  part  of  a  shifted  block.  Old  Red  Sandstone  and  the 
Carboniferous  volcanic  rocks  likewise  contributed  their  quota  of 
boulders.  Boulders  of  rocks  entirely  foreign  to  the  district  are  of 
comparatively  rare  occurrence.  The  most  notable  are  the  blocks  of 
granite  recognizable  as  that  which  occurs  in  place  on  the  north  side 
of  Galway  Bay. 

From  the  evidence  afforded  by  the  glacial  scratchings  on  surfaces  of 
rock  and  by  the  direction  of  transport  of  boulders,  and  other  material 
incorporated  in  the  drift,  it  is  clear  that  the  ice  by  which  the  country 
was  overwhelmed  had  a  general  movement,  from  approximately  north- 
west to  south-east,  though  with  many  local  deflections  due  to  the 
irregularities  of  the  ground.  It  is  important  to  note  that  this 
dii'ectiou  is  transverse  to  the  Shannon,  and  is,  moreover,  not  toward 
the  western  coast  but  trends  somewhat  inland.  Post-Glacial  deposits, 
consisting  of  Old  River  Gravels  and  Peat,  complete  the  series  of  rocks 
of  the  district. 

In  the  *•  Notes  on  the  Soils  and  Subsoils,"  which  are  presumably 
intended  for  farmers,  it  seems  to  me  unreasonable  to  give  dimensions 
in  millimetres  and  centimetres  and  weights  in  grams  until  the  metric 
system  is  made  compulsory  in  the  British  Isles. 

At  the  foot  of  the  map  a  longitudinal  section  from  the  Silurian  hills 
on  the  north-west  across  the  great  syncline  of  Carboniferous  rocks  with 
a  minor  anticline  in  it  south-east  of  Limerick,  and  then  traversing 
between  Cahcrnany  and  Knockroe  an  anticline  of  Lower  Limestone 
overlain  on  either  side  by  thick  beds  of  basalt  and  volcanic  ash, 
extends  to  a  point  one  mile  west  of  Ballybrood  House.  The  abrupt 
riglit  angle  drawn  in  the  centre  of  the  anticline  and  the  sharp  zig- 
zags in  the  Silurian  rocks  look  rather  unnatund.  B.  Hobson. 


II.  —  lonxHAM  :  TUE  Stoky  of  a  Kentish  Village  and  its 
SuKKouNDiNGs.  By  F.  J.  BENNFrr;  with  contributions  by 
"W.  J.  Lkwis  Abbott,  E.  W.  Filkins,  Bknjahin  Harrison,  • 
J.  llussKLL  Lakkby,  J.  Scott  Temple,  and  H.  J.  Osborne  White. 
Small  4to,  cloth;  ])p.  viii  -h  158,  with  40  illustrations,  maps, 
and  plans.     (Loudon  :  The  Homeland  Association,  Ltd.,  1907.) 

IOHTHA^r  and  the  surrounding  districts  are  sufficiently  rich  in 
geological  and  archffiological  interest  to  desen'c  the  distinction  of 
a  ra(>ii<)j::raph.  Such  a  work  might  have  been  expected  long  ago  from 
Mr.  Benjamin  Harrison,  with  his  unrivalled  local  knowledge.  But 
Mr.  Harrison,  though  unsparing  of  his  pen  in  correspondence, 
exercises  excessive  self-restraint  in  committing  manuscript  to  the 
printer  :  and  it  has  therefore  been  left  to  others  to  take  up  the  work. 
When  Mr.  Bennett,  on  retirement  from  the  Geological  Survey  some 
years  ago,  settled  at  West  Mailing,  he  became  an  enthusiastic  student 
of  the  neighbouring  country  ;  and  feeling,  after  a  while,  that  Ightham 
needed  its  historian,  he  determined  personally  to  supply  the  want. 
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As  the  result  of  several  years'  work,  aided  by  fi-iends  whose  assistance 
is  freely  acknowledged,  he  has  just  contributed  to  **The  Homeland 
Library"  an  interesting  volume,  which  will  bo  welcomed  by  th& 
student  of  geology  and  ai-chaeology  as  a  convenient  guide  to  a  locality 
of  exceptional  attraction. 

In  Mr.  Bennett's  close  study  of  the  district  ho  found  it  desirable  to 
undertake  a  re-survey  of  the  Drift  on  the  6-inch  map.  This  detailed 
work  led  him  to  recojjjnize  a  special  type  of  deposit,  which  he 
distinguishes  as  *  scarp  drift.*  Occurring  as  ten^aces  at  the  foot  of  the 
Chalk  escarpment  and  running  up  the  coombes,  it  is  composed  largely 
of  pellets  of  chalk,  passing  into  a  loam,  and  is  regarded  by  the  author 
as  the  relics  of  the  great  denudation  of  the  Chalk  scarp.  The  classicajl 
problem  of  the  denudation  of  the  Weald  naturally  claims  discussion 
at  some  length.  Not  satisfied,  like  many  others,  with  the  adequacy 
of  Ramsay's  views,  the  author  invokes  with  Prestwich  the  aid  of 
glacial  action;  but,  after  all,  considers  that  the  problem  remains 
unsolved,  since  none  of  the  theories  put  forward  completely  meet  the 
case.  **  In  our  opinion,"  says  Mr.  Bennett,  **the  various  causes  of 
the  denudation  of  the  Weald  are  still  to  be  sought  for,  and  the 
question  may  still  be  considered  to  be  an  open  one." 

To  explain  the  formation  of  the  deep  gorge  of  the  Shode,  the 
author  supposes  that  subacrial  denudation  was  assisted  by  subterraneau 
erosion.  He  holds  that  the  underground  flow  of  water  in  the  Hythe 
Beds,  pent  up  between  the  Atherfield  Clay  below  and  the  clayey 
Sandgate  Beds  above,  would  effect  much  erosion ;  and  that  when  the 
stream,  in  working  downwards,  cut  any  water-bearing  joints  th^ 
released  water  might  rush  up  by  hydrostatic  pressure,  as  in  an  artesian 
well,  thus  materially  assisting  the  denudation,  whilst  subsidence 
would  be  a  contributory  factor  in  the  fonnation  of  the  valley. 

Tlie  Eolithic  qucHion,  which  has  done  so  much  to  make  Ightham 
famous,  is  fully  dealt  with ;  but  it  is  doubtful  whether  many 
anthropologists  will  care  to  follow  the  author  in  his  recognition  of 
a  yet  earlier  *  Lithic  period.'  Mr.  Larkby  contributes  a  chapter  on 
the  development  of  flint  implements,  whilst  Mr.  Bennett  describes  the 
palseolithic  rock-shelters  at  Oldbury  and  the  megalithic  remains  in 
neighbouring  districts.  Mr.  Scott  Temple  writes  on  man)'  of  the 
historical  monuments,  and  Mr.  Filkins  describes  the  famous  Mote 
House,  whilst  the  rather  curious  subject  of  gravestones  is  dealt  with 
by  Mr.  Bennett. 

One  of  the  most  interesting  sections  of  the  work  is  Mr.  Lewis 
Abbott's  description  of  the  bone  bearing  fissures  in  the  limestone  of 
the  valley  of  the  Shode,  in  which  he  summarizes  his  remarkable 
researches,  so  well  known  to  geologists.  Incidentally  he  remarks  that 
he  still  has  probably  20,000  relics  awaiting  examination.  Finally, 
Mr.  Osborne  White  contributes  an  appendix  on  the  Chalk  of  Ightham. 
It  remains  to  add  that  the  work  is  well  illustrated,  mostly  from 
photographs.  A  portrait  of  Mr.  Harrison  appropriately  forms  the 
frontispiece,  whilst  several  plates  of  stone  implements  represent 
specimens  in  the  **  Harrison  Collection,"  now  in  the  County  Room  of 
the  Maidstone  Museum,  where  they  have  been  photographed  by- 
Mr.  Elgar,  the  sub-curator. 
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III. — Volcanoes, 
Les  Volcaws  de  la  Terre.     Par  ]6tjs^e  Recltts.    Premier  Fascicule. 
1 906 .     Soci^t^  beige  d*  Astronomie,  de  M6t6orologie,  et  de  Physique 
du  Globe,  Brussels. 

THE  work  of  which  the  title  of  the  first  part  is  given  above  is  the 
outcome  of  a  proposal  made  by  the  late  M.  E.  Reclus  to  publish 
a  work  descriptive  of  the  volcanoes  of  the  world.  The  complete  work 
is  to  comprise  1,500  pages  and  to  be  illustrated  by  maps  and  figures. 
The  subscription  price  is  25  francs  for  an  ordinary  copy,  and  50  or 
100  francs  for  Editions  de  luxe  on  superior  paper. 

The  first  part  consists  of  168  pages  (10  X  6 J"),  and  is  devoted  to 
"Asie  Anterieure."  The  first  chapter  (pp.  11  to  30)  deals  with 
Persia.  After  a  short  sketch  of  the  physical  features  of  the  country, 
the  chief  volcanoes,  such  as  Demavend  (of  which  a  map  and  geological 
section,  after  Stahl,  are  given),  etc.,  are  described,  and  the  chapter 
concludes  with  a  bibliography  of  books,  papers,  and  maps. 

The  method  followed  in  succeeding  chapters  is  similar.  The  second 
chapter  (pp.  31  to  73)  treats  of  Armenia,  and  in  this  chapter  Ararat 
is  described  under  the  unfamiliar  Armenian  name  of  Masis,  and  a  map 
of  Ararat  and  Ala-Goz  is  given.  Dr.  Felix  Oswald's  work  on  the  geology 
of  Armenia  appeared  too  recently  to  be  included  in  the  bibliography. 

Chapter  iii  (pp.  75-98)  deals  with  Syria,  Chapter  iv  (pp.  99-130) 
with  Asia  Minor,  Chapter  v  (pp.  131-163)  with  the  Caucasus. 

The  comment  one  feels  disposed  to  make  is  that  the  descriptions  are 
rather  those  of  the  traveller  than  of  the  geologist.  That  of  Elbruz 
(Caucasus)  is  rather  meagre.  The  name  of  the  rock  of  which  its 
lavas  consist  is  not  mentioned.  All  that  is  said  of  them  is,  **Se8 
coulees  sont  formues  d'une  roche  a  pate  noire  semi-vitreuse  contenant 
de  gros  grains  de  quartz  et  dcs  cristaux  d*oligoclase  et  de  pyroxene ; 
un  peu  de  biotite  [misprinted  biolite]  et  de  magnetite  s'y  mele." 
This  is  a  mangled  quotation  from  the  Guide  des  Excursions  of  the 
International  Geological  Congress  of  1897  (St.  Petei*sburg).  There  is 
no  excuse  for  so  vague  and  unsatisfactory  a  description  of  the  lavas 
of  Elbruz,  since  Dr.  A.  Daunenberg  published  in  Tscherraak's 
Mineralogisclie  und  Petrographischo  Mittheihmgen,  vol.  xix  (1900), 
pp.  218-242,  his  **Beitnige  zur  Petrographie  der  Kaukasuslander," 
iu  which  a  full  account  of  the  hypersthene  amphibole  dacite  lava  of 
Elbruz  is  given.  In  the  second  part  of  Dr.  IJannenberg's  paper  in 
vol.  xxiii  (1904)  of  the  same  periodical  a  pyroxene  andesite  from 
Alu-gos  in  Armenia  is  described,  though  in  llt^clus'  description  only 
obsidian,  scoria,  })asiilt  and  pumice,  and  artificial  tombs  of  trachyte 
are  mentioned.  Interesting  as  this  great  work  on  volcanoes  is,  more 
attcnti<m  must  be  i)aid  to  geological  structure  and  composition  of 
volcanic  products  if  the  work  is  to  have  scientific  value.  The  names 
of  collaborators  are  not  given.  A  competent  geologist  and  petrographer 
should  be  among  them  to  check  the  loose  petrographical  names  often 
given  by  travellers.  It  is  as  important  tliat  species  should  be  correctly 
named  in  the  case  of  rocks  as  in  that  of  fossils. 

B.  HOBSOK. 
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Geological  Socirty  of  London. 

March  27th,  1907.— Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  8ec.R.S.^ 

President,  in  the  Chair. 

The  following  communications  were  read : — 

1.  **0n  the  Southern  Origin  attributed  to  the  Northern  Zone  in 
the  Savoy  and  Swiss  Alps."  By  Professor  T.  G.  Bonney,  Sc.D.,  LL.D.,. 
F.R.S.,  F.G.S. 

Professor  Lugeon,  with  some  other  eminent  Continental  geologists, 
explains  certain  peculiar  flat  folds,  the  higher  of  which  sometimes 
project  consider^ly  beyond  the  lower,  in  the  more  northern 
sedimentary  zone  of  the  Swiss  and  Savoy  Alps,  by  supposing  that  to- 
ne small  extent  the  strata  have  been  thrust  forwanl  from  an  original 
position  south  of  the  watershed  of  the  Pennine-Lepontine  Alps ;. 
overriding,  as  they  advanced,  their  crest  and  that  of  the  Oberland 
(neither  having  then  attained  its  present  altitude).  This  pressure 
was  produced  by  the  greater  thickness  of  deposits  of  Mid-Tertiary 
age,  speaking  in  general  terms.  Professor  Sollas,  in  concluding- 
a  very  interesting  and  suggestive  paper  on  some  experiments  with 
cobbler's  wax,  published  in  the  last  volume  of  the  Quarterly  Journal 
of  the  Society,  p.  716,  suggests  that  the  results  are  favourable  to  the 
views  of  the  Lausanne  professor. 

The  author  takes  exception  to  some  of  the  cases,  especially  two  to- 
the  east  of  the  Simplon  Pass,  which  are  adduced  by  Professor  Lugeon 
in  support  of  his  hypothesis,  pointing  out  that  he  has  confused  an 
ordinary  with  a  crystalline  limestone,  and  merely  schistose  slates  with 
true  crystalline  schists.  But,  without  going  into  the  details  of 
sections,  he  shows  from  general  reasoning  that  both  the  kind  and 
the  amount  of  transport,  postulated  by  Professor  Lugeon,  introduce 
serious  mechanical  difficulties.  Sediments  are  assumed  to  have  been 
tannsported  from  (say)  near  Ivrea  to  the  northern  margin  of  the  Alps 
on  either  side  of  the  Rhone  valley  below  Martigny  ;  that  is,  to  have 
travelled  something  like  75  miles.  As  the  average  thickness  of  the 
Secondary  and  older  Tertiary  strata  in  this  part  of  the  Alps  can 
hardly  exceed  2*5  miles,  we  can  form  a  general  idea  of  the  problem 
by  drawing  an  oblong  30  times  as  long  as  high.  Then,  material  at 
one  end  (southern)  has  to  be  squeezed  across  obstacles  to  near  the 
other,  by  piling  a  wedge  -  like  mass  of  sediment  on  a  southern 
prolongation  of  the  oblong,  the  thin  end  of  which  mass  may  perhaps 
trespass  a  little  on  the  northward  side  of  the  original  southern 
boundary. 

After  discussing  the  problem  in  some  detail,  the  author  shows  that 
in  Professor  SoUas's  experiments  there  was,  at  the  beginning  of 
loading,  a  wedge  instead  of  an  oblong ;  the  distance  to  be  traversed 
was  six  times  the  maximum  thickness  of  the  (supposed)  sedimentaries, 
instead  of  about  30  times ;  and  tlio  slope  of  the  added  mass  was  about 
doable  that  which,  in  the  Alpine  case,  is  supposed  to  be  the  sole 
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•cause  of  the  movement.  Lastly,  in  the  case  which  presents  by  far 
the  greater  difficulties,  the  material  is  limestone  and  shale  instead 
of  cobbler's  wax.  The  author  maintains  that  Professor  Lugeon's 
hypothesis  receives  no  real  support  from  Professor  Sollas's  experiments, 
And  involves  mechanical  difficulties  which  are  practically  insuperable. 

^.  "  The  Coral  Rocks  of  Barbados."  By  Professor  John  Burchmore 
HniTison,  C.M.G.,  M.A.,  F.I.C.,  F.G.8. 

The  results  of  the  author's  extended,  and  in  many  places  detailed, 
re-examination  of  the  coral  rocks  in  the  southern  half  of  Barbados, 
give  no. .support  to  Dr.  J.  W.  Spencer's  theory  of  the  existence  of 
stnita  of  the  ''Antigua  Formation  "  in  that  island.  It.is  now  shown 
that  a  certain  knoll,  whence  Dr.  Spencer  collected  corals  which  in  his 
•estimation  proved  that  it  and  other  parts  of  the  coral  rocks  were 
of  Oligocene  age,  is  in  part  made  up  of  corals  which,  as  stated  by 
Professor  J.  W.  Gregory,  **  ccilainly  show  no  evidence  of  any  age 
greater  than  the  Pleistocene."  The  author  has  failed  to  find  any 
«igns  of  the  widespread  formation,  described  in  Dr.  Spencer's  paper 
as  extending  from  Mount  Misery  to  near  Ragged  Point,  a  distance 
of  about  11  miles,  and  dipping  south-eastwaid  at  from  12^  to  20^. 
Such  a  formation  would  be  about  15,000  feet  thick;  while  the  facts 
that  nowhere  in  the  island  does  the  combined  thickness  of  the 
limestone  and  of  its  basal  or  Bissex  Beds  exceed  280  feet,  and  that 
the  limestone  is  not  traversed  by  faults,  are  fairly  conclasive  evidence 
of  tlie  non-existence  of  such  a  formation.  This  dip  is  referred  to  the 
action  of  landslips  in  some  cases,  and  in  others  to  current-bedding. 
The  author's  recent  investigations  have  confirmed  the  statements 
made  and  the  views  expressed  by  Mr.  Jukes-Browne  and  himself 
in  the  notes  published  in  the  Geological  Magazine  for  December, 
1902,  p.  560. 


SANDSTONE  PIPES  IN   CARBONIFEROUS  LIMESTONE,  ANGLESEY. 

8iu, — In  the  Gkological  Magazine  for  January,  1900  (p.  20),  was 
published  a  paper  (read  and  discussed  at  the  Dover  Meeting  of  the 
British  Association  in  1899)  on  Sandstone  Pipes  in  the  Carboniferous 
Liiuestone  of  Anglesey,  in  which  1  showed  that  they  formed  a  part  of 
the  Carboniferous  Selies,  and  were  evidently  due  to  some  unusual 
kind  of  contemporaneous  erosion. 

In  November  last  Professor  W.  H.  Hobbs,  Secretary  of  the 
American  Seismological  Committee,  wrote  to  mo  suggesting  that  these 
pipi's  might  be  the  *  crate rlets '  of  Carboniferous  earthquakes,  produced 
by  disturbance  of  underground  waters  in  the  same  way  as  those  of 
the  Calabria,  Charleston,  and  other  shocks  of  recent  times.  Some  of 
those  of  Calabiia  are  figured  in  Lyell's  Principles.  The  Comte  de 
Moiitessur  de  Ballore,  to  whom  Professor  Hobbs  asked  me  to  send 
^photographs,  has  concuiTed,  after  some  correspondence,  in  this 
explimation. 
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Both  authors  will  discuRS  the  phenomenon,  together  with  certain 
kindred  ones,  in  works  now  in  the  press,  and  as  these  will  he  published 
outside  this  country  the  object  of  this  letter  is  to  invite  the  attention 
of  British  geologists  to  this  very  curious  and  most  original  suggestion. 

Edward  Greenly. 

P.S. — Perhaps  I  might  add  that  the  pipes  are  very  near  to  a  zone 
of  powerful  faulting,  which,  though  displacing  the  Carboniferous 
rocks  more  than  1,000  feet,  was  almost  certainly  a  line  of  movement 
in  much  older  times.  Movement  along  it,  therefore,  was  very  likely 
going  on  at  intervals  during  the  Carboniferous  period  itself. 


FOSSIL  FOOTPRINTS  IN  THE  SECONDARY  ROCKS. 

Sir, — I  am  returning  to  the  study  of  the  Triassic  footmarks  of  the 

Connecticut,  and  would  be  glad  to  correspond  with  the  Officers  of 

Museums  with  reference  to  slabs  of  Ichnites  found  especially  in  Great 

Britain.     My  experience  leads  me  to  believe  that  the  tracks  of  animaU 

on  stone  are  more  abundant  than  is  commonly  supposed,  and  that  there 

is  much  to  be  learned  from  their  study.     Although  rather  bulky, 

a  place  can  be  found  for  them  in  the  Exhibition  Rooms,  and  perhaps 

exchanges  can  be  negotiated. 

C.  H.  Hitchcock, 

Curator  of  the  Butterfield  MuBeum,  Dartmouth  College, 
HanoTer,  New  Hampshire,  U.S.A. 
March  7M,  1907. 


CONODONTS  IN  COAL-MEASURE  STRATA. 

SiK, — N'ot  long  ago  I  sent  you  a  notice  of  the  occurrence  of  marine 
fossils  in  the  Upper  Coal-measures  (Scotland).  From  the  same  bed 
I  have  now  to  record  the  finding  of  a  few  Conodonts,  the  determinable 
species  being  Centrodua  lineatus,  Pander,  and  Polygnathus  ( Gnathodus) 
Mosqiunsia,  Pan.  Both  these  forms  were  found  by  Pander,  of  Russia, 
in  the  Mountain  Limestone  of  Moscow,  and  they  occur  in  both  the 
Upper  and  Lower  Carboniferous  Series  of  Scotland.  C.  lineatua  has 
been  got  in  the  Devonian  rocks  of  Canada  and  Carboniferous  of  Ohio. 
The  list  of  fossils  from  this  bed  is  as  follows,  all  the  forms  being 
dwarfed  except  the  Conodonts,  which  could  not  be  made  much 
smaller : — 

^oduciiM  temiretieuhfitit.  DentaVutm  ? 

Changes  Hardrensis.  XnntiluH  'f 

C.  Buchiana.  Polyzoan,  badly  preserved. 

AthifH$  ambigua,  Cladodm, 

Diseina  nitida,  Coprolitcs  and  iish-rcraains. 

Lingula  mytiloid<».  Plants  and  vascular  tissue. 

Pecten^  ribbed.  Centrodus  Uneniim, 

Pomdoniella  retitsta,  Polygnathus  Moaqitensis, 

MHrehiaonia  ttriatula. 

The  position  of  this  marine  bed  is  pretty  well  up  in  the  Coal-measure 

Series,    probably  a  short  distance   above   the   Craigmark   Ironstone, 

Craigmark  Glen,  Dalmellington.  J.  Smith. 

Dtkbs,  Dalbt, 
Atxshirb. 
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CARL   LUDOLF   GRIESBACH,  C.I.E.,  F.G.S. 

Born  December  11,  1847.  Died  April  13,  1907. 

It  is  with  deep  regret  that  we  record  the  death  of  Mr.  C.  L. 
Griesbach,  C.I.E.,  F.G.S.,  late  Director  of  the  Geological  Surrey  of 
India,  from  Juljr  17th,  1894,  to  February  24th,  1903. 

Mr.  C.  L.  Gnesbach  was  bom  in  Vienna  on  December  11th,  1847, 
and  was  the  eldest  son  of  Mr.  George  L.  Griesbach,  of  Zobelsberg, 
a  British  subject.  Carl  was  educated  at  the  University  of  Vienna, 
and  was  for  some  time  engaged  upon  the  Geological  Survey  of 
Vienna,  where  he  acquired  his  experience  as  a  field  geologist  and 
palaeontologist.  He  commanded  a  German  scientific  expedition  to 
East  Africa  1869-70,  and  on  his  return  resided  in  London  from  1871 
to  1878,  where  he  was  engaged  in  scientific  work ;  he  was  also  a  most 
accomplished  artist.  He  communicated  an  important  paper  '*  On  the 
Geology  of  l^atal  in  South  Africa"  to  the  Geological  Society  (see 
Quart.  Joum.  Geol.  Soc.,  vol.  xxvii,  1871,  pp.  53-71,  with  many 
illustrations  prepared  by  himself).  In  1878  he  was  appointed 
Assistant  Superintendent  to  the  Geological  Survey  of  India,  and 
joined  in  Calcutta  the  same  year.  He  passed  through  various  grades 
of  promotion  from  1880  to  1884.  From  1884  to  1886  Mr.  Griesbach 
was  employed  on  the  Afghan  Boundary  Commission,  with  the  grade 
of  Deputy  Superintendent,  and  was  raised  to  first  grade  Superintendent 
in  November,  1886.  fie  was  created  a  Companion  of  the  Indian 
Empire  in  February,  1887.  From  January,  1888,  to  July,  1889,  his 
ser\'iees  were  placed  at  the  disposal  of  H.H.  the  Amir  of  Kabul,  and 
he  was  made  a  Superintendent  in  1889,  and — on  the  retirement  of 
Dr.  William  King,  F.G.S. — Director  of  the  Geological  Survey  in  1894. 

When  resident  in  London  he  served  as  an  Officer  in  the  Royal 
London  Militia,  now  the  6th  Battalion  lioyal  Fusiliers,  and  has  since 
been  retired  with  the  rank  of  Lieutenant- Colonel. 

A  list  of  twenty-six  scientific  papers  by  Mr.  Griesbach  will  be 
found  in  the  Geological  Magazine  for  June,  1903,  pp.  287-288  ;  also 
of  his  special  war  services  in  India.  Mr.  Griesbach,  in  1869,  married 
Emma,  daughter  of  the  Rev.  W.  R.  Griesbach,  M.A.,  of  MiUington, 
Yorkshire,  who  died  in  1892,  leaving  two  children.  He  has  lately 
resided  in  Graz,  Austria,  with  his  daughter.  His  only  son,  Walter, 
is  at  Revelstoke,  B.C.  For  the  last  year  Mr.  Griesbach  has  been 
suffering  from  tlirombosis,  and  although  at  times  slightly  better  he 
succumbed  to  this  malady  on  the  13th  April,  at  the  age  of  60. 

Mr.  Griesbach  served  for  twenty-five  years  on  the  Geological 
Survey  of  India.  He  was  a  Foreign  Member  of  the  k.k.  Akademie 
der  Wisscnschaftlich  Wien  and  numerous  other  learned  societies.  He 
was  decorated  for  the  Boundary  Commission ;  received  the  Afghan 
medal  and  clasp,  the  Burma  medal  and  clasp,  the  Nishaw-i-Hurmat 
(Afghan  order) ;  H.I.M.  the  Emperor  of  Austria-Hungary  presented 
him  with  the  Austrian  gold  medal  in  connection  with  the  scientifio 
expedition  to  the  central  regions  of  the  Himalayas  in  1892.  He  was 
elected  a  Fellow  of  the  Geological  Society  of  London  in  1874. 
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I. — Eminent  Livino  Gkologists  : 

Trofessok  IL  G.  Seeley,  F.K.S.,  F.L.S..  F.G.S.,  F.Z.S.,  F.R.G.S. ; 
Profe«»«)r  of  Geolojrv,  Geo|;praphy,  and  Minerali>^',  Kiujr's  Ci>lleir(!,  T/>n<lon  ;    Dean 


Mcub.  CoiT.  Acad.  Imp.  Sci.  St.  IVtersburg. 

(WITH   A   POUTllAIT,   PLATE   XII.) 
"  7%e  itory  of  our  life  f torn  year  to  year^ 

IN  prcsentinfi^  to  our  readers  a  biief  notice  of  ihv  life  and  work  of 
Professor  Seeley,  one  of  the  most  eminent  of  Vertebrate  Palaoon- 
tologists,  we  feel  that  wo  are  offering:  but  a  scant  tribute  to  one  who 
has  for  more  than  thirty  years  occupied  a  leading  position  in  the  world 
of  science.  He  is  not  only  an  accomplished  teacher  in  Ocologj^  and 
the  allied  sciences  in  the  University  of  London,  but  has  lonp:  been 
recognized  as  a  distinguislied  worker  in  the  fields  of  Zoolojry  and 
Comparative  Anatomy.  His  investigations  into  the  Fossil  Reptilia  of 
the  Secondary  period,  and  especially  liis  remarkable  resoarclies  in  the 
Anomodont  Reptilia  from  theTnas  of  South  Africa,  ani  already  classic 
and  unsurpasseil.  His  purely  geological  work  in  the  field  has  also 
made  substantial  contributions  to  our  knowledge  of  the  strata  in  the 
Sonth  of  England. 

In  early  years  Hany-  Seeley  found  in  the  London  Library  and  the 
lectures  of  E.  W.  Brayley,  F.R.S.,  on  Terrestrial  Magnetism,  his  first 
introduction  to  Physical  Geology.  Lyell's  **  Principles  of  Geology" 
kindled  an  enthusiasm  for  observation,  which  afterwards  secured  his 
succession  to  the  Chair  which  Charles  Lyell  had  held  in  King's  College 
as  well  as  the  Lyell  Medal  from  the  Geological  Society,  founded  by 
that  great  master.  Rut  his  scientitic  career  appears  to  have  been 
determined  as  a  consequence  of  an  old  regulation,  long  since  abrogated, 
under  whicli  he  was  admitted  at  the  age  of  17  as  a  Reader  in  the  Rritish 
Museum  Library.  His  studies  at  first  tended  t«) wards  Anthropology, 
till  the  help  of  Professor  Rymer  Jones  in  Zoolo«:y,  and  afterwards 
of  Dr.  S.  P.  Woodward  in  Pala;(mtology  and  of  John  Edward  Gray  in 
geographical  distribution  of  (uiimals,  laid  the  foundiition  of  a  geological 
tendency,  which  was  developed  by  the  lectures  of  the  Professors  of  the 
RoTal  School  of  Mines,  and  matured  by  field-work  among  the  strata 
of  the  South-East  of  England.  The  personal  friendship  of  the  scientific 
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men  of  London,  ever  anxious  to  lielp  a  thoughtful  student,  tended  to 
develop  a  broad  concrete  practical  knowledge. 

After  three  years  of  study  in  the  galleries  of  the  British  Museum 
literary  work  took  Seeley  to  Cambridge.  Here  Adam  Sedgwick  visited 
him,  and  invited  him  to  become  his  assistant.  In  hiter  yeai*3  Sedgwick 
wrote  in  a  printed  letter — *'  In  youth  you  had  a  reputation  for  genius 
and  skill  in  some  departments  of  Natural  History.  It  was  that 
reputation  which  made  me  seek  you  out  and  secure  your  co-operatiou 
as  mv  assistant  and  fellow-labourer." 

Seeley  at  once  turned  his  attention  to  the  local  geology  of  tbo 
Cambridge  district,  and  had  the  advantage  of  finding  the  coprolite 
diggings  for  the  manufactui'e  of  superphosphate  of  lime,  opening  up 
an  astonishing  fauna  in  beds  at  the  base  of  the  Chalk,  which  became 
known  as  the  Cambridge  Greensand.  He  had  attended  Sir  Ilichard 
Owen's  lectures  on  rala?outology  in  London,  and  found  this  knowledge 
the  means  of  dealing  with  the  vast  accumulations  of  vertebra t<j  fossils 
which  occurred  in  association  with  shells,  corals,  and  crabs  in  thut 
deposit. 

His  work  with  Sedgwick  was  of  a  kind  that  took  the  old  master 
and  the  young  naturalist  together  on  many  geological  excursions, 
not  only  to  verify  new  work  in  the  local  geology,  but  to  examine 
the  sections  over  again  in  the  Isle  of  Wight,  Isle  of  Sheppey,  and 
other  localities.  The  practical  field  teaching  at  Cambridge  was 
soon  placed  in  Seeley's  hands,  and  owing  to  Sedgwick's  illness 
he  was  called  upon  to  lecture,  often  at  a  moment's  notice,  upon  the 
subject  for  the  day  in  the  Professor's  course.  This  led  Mr.  Seeley 
to  prejjare  himself  for  emergencies,  and  to  visit  the  important 
geological  localities  in  Wales  and  Devon  and  the  east  and  west  of 
England,  wliere  he  commonly  travelled,  compass  in  hand,  sketching 
the  physical  features  of  the  countiy  in  notebooks  when  the  hammer 
was  not  in  use. 

In  these  days  the  volumes  of  catalogues  of  the  Woodwardian  Museuin 
wliich  deal  with  the  fossil  lleptilia  and  Ornithosauria  were  prepareil, 
and  printed  by  the  University  Press,  For  ten  years  his  work  as 
assisttint  naturalist  in  the  Woodwardian  Museum  led  to  a  series  of 
publications  in  1864  on  the  affinities  between  reptiles  and  birds,  and  to 
the  recognition  in  1869  of  a  bone  in  the  British  Museum  which  had  been 
regarded  as  the  tympanic  bone  of  Jguanodon^  as  the  vertebra  of  a  new 
ty]H'  of  aniiiud  named  Ornifhopsis,  the  forerunner  of  a  large-  order 
which  includes  the  JJiplodocuft  as  its  most  conspicuous  member. 

About  the  time  when  the  C-ambridge  catalogues  were  published  in 
1870,  his  old  friend  John  Edward  Uray  invited  him  to  enter  the 
Zoological  Department  of  the  British  Museum,  and  Pi*of.  Huxley  offered 
a  recommendation  for  the  Geological  Survey.  But  Seeley  was  anxious 
to  settle  in  London  and  avail  himself  of  the  opportunities  for  work  in 
the  ^Iiiseums  and  Libraries.  Some  two  or  three  years  were  spent  in 
le(ture^  jind  literary  work.  In  1876  Seeley  was  appointed  to  the 
Chair  of  Geogiajjiiy  in  King's  College.  His  travels  had  enabled  him  to 
become  prMctivally  aejpiainted  with  both  the  processes  and  materials 
ii^ed  in  a  large  nuni))er  of  industries,  and  his  lectures  on  Economic 
Creogr!q»hy  were  for  many  years  a  systematic  discussion  of  the  use  of 
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natural  products  by  man,  and  of  man  as  affected  by  geographical 
distribution.  And  in  this  work  field-studies  in  ])hysical  geography 
were  the  basis  of  practical  teaching,  which  was  afterwards  ilhistrated 
to  his  classes  in  the  field.  Some  of  these  lectures  given  at  the  Royal 
Institution  are  printed  in  the  first  volume  of  Phillips^s  Geology, 
and  others  have  been  delivered  at  the  request  of  tlie  Gilchrist  Trust 
in  many  towns  in  the  Biitish  Islands.  Others,  again,  on  *'  Physical 
Geography  in  relation  to  Public  Health,"  were  communicated  to  the 
College  of  State  Medicine. 

Professor  Seeley  had  for  some  time  taken  an  active  interest  in  the 
higher  education  of  women,  and  in  1876  was  chosen  Professor  of 
Geography  and  Geolog)'  in  Queen's  College,  London,^  and  five  years 
later  succecKled  to  the  office  of  Dean,  on  the  resignation  of  Sir  Henry 
Craik.  Here  under  his  teaching  and  guidance  a  large  number  of  pupils 
have  been  trained,  not  only  in  the  subjects  of  the  curriculum,  but  in 
lectures  on  current  topics  of  geological  interest. 

On  the  occasion  of  the  Jubilee  of  Queen's  College  in  1 898,  on  the  visit 
of  Queen  Victoria,  Pi*of.  Seeley,  as  Dean,  was  presented  to  Her  Majesty. 

In  1890  he  was  invited  to  the  arduous  duties  of  Lecturer  on 
Geology  and  Mineralogy  in  the  lioyal  Indian  Engineering  College 
at  Cooper's  Hill,  and  in  1891  was  appointed  successor  to  Professor 
P.  M.  Duncan.  Here  he  found  an  earnest  body  of  men  who  soon 
listened  to  him  with  on  affection  which  grew  year  by  year,  and  so 
led  them  on  to  attain  a  high  standard  of  proficiency  in  their  work. 
The  Indian  Government  supplied  him  with  rocks,  fossils,  and  maps 
from  India ;  and  geological  knowledge  was  demonstrated  in  the  field  in 
short  and  in  more  extended  exoirsions.  Professor  Seelev  endeavoured 
to  teach  by  taking  his  students  through  the  methods  of  research,  as 
distinct  from  giving  them  the  results  of  research ;  and  this  may  be  the 
secret  of  the  interest  which  his  lectures  kindled. 

It  was  onlv  on  the  retirement  of  the  Kev.  Professor  AViltshire, 
D.Sc-,  from  office  at  King's  College  that  the  Chair  of  Geology 
and  Mineralogy  was  conferred  on  Professor  Seeley  in  1896.  At 
this  time  the  teaching  University  was  getting  into  work,  and  the 
subject  which  hitherto  had  been  a  part  of  the  course  in  Engineering 
in  King's  College  now  became  expanded  to  meet  the  wants  of  Civil 
Engineers  and  Mining  students ;  while  in  the  Faculty  of  Science 
complete  courses,  theoretical  and  practical,  were  arranged  for  the 
examinations  of  the  University  of  London.  The  geological  course 
which  had  been  given  in  the  Ladies'  Department  of  King's  College 
in  Kensington  Square  for  ten  years  was  now  relintjuished.  Excellent 
new  laboratories  and  lecture-rooms  for  Geology  were  built  in  King's 
College,  and  fitt^^d  with  petrological  and  other  apparatus  for  a  modern 
school  of  the  science  and  for  research. 

During  the  ten  years  188U-90,  for  which  hjcturcs  were  given  for 
the  London  Society  for  the  Extenvsion  of  University  Teaching,  the 
most  interesting  result  of  endeavours  to  secure  practical  work  as 
a  part  of  the  course  was  the  establishment  of  the  London  Geological 

*  Queen's  College^  London,  was  fouiidid  with  the  approval  of  Her  hito  Majesty 
Qaeen  Victoria,  who  always  presented  a  .'«chohir  to  the  trchohirship  she  had  founded.' 
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Field  Class.  Professor  Seeley  has  conducted  excumons  week  by 
week  with  this  Society  of  old  pupils  for  twenty-one  years,  in  the 
summer.  It  has  endeavoured  to  provide  for  the  whole  of  London 
a  knowledge  of  the  rocks,  as  the  reward  for  each  student's  personal 
observation.  Some  record  of  the  earlier  teaching  is  preserved  in  the 
**  Handbook  of  the  London  Geological  Field  Class,*'  1890.  And  now 
it  has  borne  fruit  in  the  recognition  by  the  University  of  London  of 
Field  Teaching  as  a  necessary  condition  for  graduation  in  Geology. 

Although  strongly  opposed  in  eai'lier  years  to  all  examinations 
which  were  not  co-onlinated  with  teaching,  he  has  taken  part  in  the 
work  of  the  University  of  London  as  a  member  of  Boards  of  Studies  in 
Geology,  Civil  Engineering,  Geography,  Mining,  Agriculture,  and 
Zoology,  and  has  acted  as  Examiner  in  Geology  and  Zoology. 

It  is  impossible  to  separate  a  life's  work  of  teaching  from  the 
ac(|uisition  of  new  knowledge  which  could  be  imparted.  Many  of 
the  British  strata  were  followed  by  Seeley  along  their  outcrops  in  the 
manner  of  the  early  masters,  and  enough  done  in  the  North  of  France, 
Belgium,  Holland,  Germany,  Austi'ia,  Switzerland,  and  Russia  to  impart 
a  distinct  tone  to  his  interpretations  of  many  aspects  of  the  science. 
An  accomplished  paleeontologist,  he  has  used  every  available  museum 
to  trace  the  variations  in  the  faunas  of  the  geological  deposits  as  they 
extend  through  Europe,  as  a  means  of  estimating  their  relation  to  the- 
fossils  of  more  distant  regions.  From  about  1875,  when  he  visited 
the  petrological  districts  of  the  Southern  Eifel,  the  Siebengebirge,  and 
Eastern  Rhine,  and  worked  over  the  collections  at  Heidelberg,  began 
the  accumulation  of  that  experience  in  petrology  which  took  practical 
form  in  the  new  edition  of  Phillips's  Geology,  1884,  undertaken  with 
Robert  Etheridge  as  a  personal  tribute  to  the  work  of  a  former  King's 
College  Professor  of  Geology. 

Studies  were  limited  by  exigencies  of  time.  The  fossil  Reptiles 
which  had  led  to  work  at  Cambridge  took  him  in  after  years  far 
afield.  The  Pterodactylcs  and  other  types  were  sought  out  in  the 
Highlands  of  Bavaria,  and  in  the  Museums  of  Munich,  to  which 
Zitlel  gave  exceptional  facilities,  Bonn,  Tubingen,  Stuttgart,  lianz. 
and  Haarlem.  The  Cretaceous  reptiles  of  Gosau  led  to  a  residence 
for  some  time  in  Vienna,  in  the  study  of  remains  submitted  to  him  by 
Professor  Suess  which  were  obtained  in  almost  as  complete  dissociation 
as  tliose  of  the  Cambridge  Greensand.  He  worked  through  all  the 
Lias  and  Trias  reptiles  in  the  museums  of  Germany. 

In  1889  Professor  Seeley  conceived  the  idea  of  examining  the 
evidence  of  the  organization  of  the  Anomodonts.  The  Royal  Society 
su])ported  him,  not  only  with  a  grant  of  £200  towards  the  expenses 
of  travel,  but  by  more  important  recommendations  through  depart- 
ments of  the  Government.  The  results  of  a  first  visit  to  Russia 
appeared  in  a  reconstruction  of  DeuteroRaurus  and  Rhopalodon,  In 
the  summer  of  the  same  year  he  visited  Cape  Colony,  but  most  of  the 
important  specimens  collected  had  already  been  sent  to  Sir  Richaiil 
Owen,  and  it  was  only  by  traversing  the  colony  that  the  geological 
horizons  of  the  fossils  could  be  determined,  and  new  materials  found. 
His  ellort  was  aided  by  the  co-operation  of  Mr.  Thomas  Bain, 
Irrigation  Officer,  who  was  deputed  by  Sir  Gordon  Sprigg  to 
accompuBj  him. 
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Professor  Seeley,  in  the  first  instance,  explored  the  Lower  Karroo 
rocks  and  found  the  Pareiasaurus^  and  obtained  one  skeleton  practically 
complete.  Ho  then  examined  the  Middle  Karroo  or  Dicynodont  beds, 
but  although  many  interesting  reptiles  were  found  no  complete  skeleton 
of  Dtcynodon  occurred.  Further  north,  at  Burgh ersdorp,  he  established 
a  friendship  with  Dr.  Kanneraeyer,  which  has  led  to  the  discovery  of 
interesting  reptiles,  and  at  Aliwal  North  Mr.  Alfred  Brown  placed  in 
his  hands  types,  which  Mr.  Brown  has  presented  to  the  British 
Museum.  Near  Queenstown  the  important  skeleton  of  Cynognathus 
was  extracted  from  the  rock,  and  the  skulls  of  GomphognathxM  were 
collected.  Having  made  a  circuit  of  the  colony  after  visiting  Kimberley 
he  came  over  the  Katberg,  accompanied  by  Dr.  Atherstone,  to  Grahams- 
town,  -where  several  new  reptiles  awaited  examination.  By  1895  the 
more  t}*pical  of  these  reptiles  were  figured  in  the  Transactions  of  the 
Royal  Society,  but  the  materials  awaiting  publication  aro  varied  and 
not  unimportant,  and  likely  to  occupy  all  his  available  leisure  for 
some  years.  The  described  specimens  have  been  presented  to  the 
British  Museum  by  their  discoverer,  who  has  watched  over  the 
removal  of  the  matrix  from  the  bones,  a  task  still  in  progress. 

Professor  Seeley  was  elected  a  Fellow  of  the  Geological  Society  in 
1862,  when  his  godfathers  were  Adam  Sedgwick,  William  Whewell,  and 
William  Hopkins.  In  1872  he  man*ied  Eleanora  Jane,  only  daughter 
of  William  Mitchell,  of  St.  George's  Lodge,  Bath.  Mrs.  Seeley  has 
travelled  with  her  husband  in  Western  Europe,  and  assisted  in  the 
measurements  of  specimens  in  many  foreign  museums  and  in  his  work 
genei-ally.  In  1879  he  was  elected  a  Follow  of  the  Royal  Society;  in 
1902  a  Member  Correspondant  of  the  Imp(»rial  Academy  of  Sciences  of 
St.  Petersburg;  and  in  1905  a  Fellow  of  King's  College,  London. 
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18-58.     "Description  of  two  new  species  of  Chalk  Starfishes":    Ann.  Mag.  Xat. 

Hist.,  vol.  ii,  pp.  33.5-;};i7. 
1859-63.     *'  On  s(»nie  Anomalous  Fossils  from  the  Ui)per  Greensand  of  Cambridge'' : 

Proc.  Geol.  Assoc,  vol.  i,  pp.  147-148. 

1861.  **  Notes   on   Cambiidge   Pala'ontology :    (1)    Some   new   Upper   Greensand 

Bivalves  '*  :  Ann.  Mag.  Nat.  Hist.,  vol.  vii,  pp.  116 -IlM. 
**  Notice  of  Opinions  on  the  Stratigrapliical  P«>.sition  of  the  lUd  Limestone  of 

Hunstiinton"  :  Aun.  Mag.  Xat.  Uist.,  vol.  vii,  pp.  233  244. 
**  Notes  on  Cambridge  Paheontology  :    (2j  On  some  m;w  Gasteropods  from 

the  Upper  Greensand"  :  Ann.  Mag.  Xat.  Hist.,  vol.  vii,  pp.  281-29.3. 
**  Notes    on    Cainbridire  Paheontology:    (4}    Some   new   Upper   Greensand 

Echinodemis  "  :  Ann   Mag.  Nat.  Hist.,  vol.  viii,  pp.  16-24. 
**  On  the  Fen  Clay  Formation"  :  Ann.  Mag.  Nat.  Hist.,  vol.  viii,  pp.  503- ')0.'). 
**()n  the  ELsworth  Kock  and  the  Clav  above  it"  :  llep.  lirit.  Assoi.,  pt.  ii, 

pp.  132-133. 

1862.  **  Noteson  Cambridije  Geologv  "  :  Ann.  Mag.  Nat.  Hist.,  vol.  x,  pp.  97-110. 
1864.     "  On  the  Fossils  of  the  Hunstanton  Red  Kock"  :  Ann.  Mag.  Nat.  Hi^t., 

vol.  xiv.  pp.  27C-2S0. 
**  On   the    Pterodactyle    as    evidence    of    a    new    subcla'^s    of    Vertebrata 

(Saurornia)  "  :   lUp.  Ih-it.  As--oc.,  vol.  xx\iv,  sect.,  p.  (59  ;  Geol.  Mag., 

vol.  i,  p.  294. 
**  On  the  significance  of  the  Septa  and  Siphuncles  of  Cephalopod  Shells"  : 

Rep.  Brit.  Assoc,  vol.  xxxiv,  sect.,  pp.  100-101;  Quart.  Jouin.  Sci., 

vol.  i,  pp.  760-762. 
**  On  a   Section  of  the  Lower  Chalk  near   Ely":    Gi:ol.  Mag.,  vol.  i, 

pp.  150-164. 
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**  A  ^fonoj^ph  of  the  Ammonitef}  of  the  Cambridu^  GreenMnd  "  :   [1863] 
1864.  Quart.  Joum.  Geol.  S(>c.,  vol.  xx,  pp.  166-167;  Ann.  Mag.  Nat.  Ilist. 

vol.  xvi  (I860),  pp.  22o-  247. 
'*A    Help  to    the    Identificntiou  of  Fowil   Bivalve   Shell*":    Geolo^^ist, 

vol.  vii,  pp.  44-50. 
*' J///^i7«ji  gpatfiuiaffiHf  n  now  Cretaceoas  ppecies" :  Geolop.<t,  vol.  vii,  p.  .53. 
*'Cuttin2:»  from  a  Notebook  on  Chalk  Gasteropoda":  GeoIogiMt,  vol.  vii, 

pp.  89-93,  pi.  viii. 
"On  the  Hunstanton   Tied  Rock '' :    Quart.  Joum.  Gcol.   Soc.,  vol.  xx, 

pp.  327-332  :  Phil.  Majar.,  vol.  xxviii,  pp.  73-74. 
ISC').     "On  FicfiosauritM  inacroptenit^  a  new  H|)efit'S  from  the  Uas  of  Whitby": 

Ann.  Ma;^.  Nat.  IIi«t.,  vol.  xv,  pp.  49-53. 
"Ou  a   new   Lizard,    with    Ophidian  affinities,   from   the    Lower   Chalk 

{Sauroxpoudylun    disaimilis)  *'  :     Ann.    Ma«j.    Nat.    JIi#«t.,    vol.    xvi, 

pp.  145-148. 
"On  the  Literature  of  English   Pterodactyles  *' :    Ann.  Mug.  Nat.  Hist., 

vol.  XV,  pp.  148-153. 
"  On  two  new  Plesiiwaurs  (P.  ehutheraxon,  P.  tlidttchua)  from  the  Lias'*: 

Ann.  Mag.  Nat.  Hist.,  V(>1.  xvi,  pp.  352-359. 
*•  On  the  pignificancft  of  the  Sequence  of  liocks  and  Fossils  *' :  Geol.  Mag., 

vol.  ii,  T>p.  45,  262-265. 
*'  On  the  I'oKsil  Neck  Bonos  of  a  Whale  (Palaocetut  Sedgwicki)  from  the 

neighbourhood  of  Ely  "  :  Gkol.  M.iO.,  vol.  ii,  pp.  54-57. 
'♦  On  a  Section  discovering  the  Cretaceouis  Beds  at  EIv  "  :    Geol.  Mag., 

vol.  ii,  pp.  529-534. 
1866.     "Notice  of  Ton/i(Ocrinu$  and  other  new  and  little-known  Fos-iU  from  the 

Vpper  Greeusand  of  Hunstanton,  comnionlv  called  the  Hunstanton  Ited 

liock"  :  Ann.  Mag.  Nat.  Hist.,  vol.  xvii.  pp.  173-183. 
'*  An  Epitome  ot  the  Evidcfuce  that  Pterodactyk's  are  not  Ileptiles,  but  a  new 

subclass  {Sanrortint)  of  Vertebrate  Animals  allied  to  iJiitl*'*:    [1864] 

Ann.  Mag.  Nat.  Hist.,  vol.  xni,  pp.  321-331  ;  Geol.  Mao.,  vol.  iii, 

pp.  257-258. 
Note  on  some  new  genera  of  Fossil  Binls  in  the  Woodwardian  Museimi  *' : 

Ann.  Mag.  Nat.  Ilist.,  vol.  xviii,  pp.  109-110. 
On  the  Fossils  <»f  the  Cai*stoue  Furmation  " :    Ann.  Mag.    Nat.   Hist., 

vol.  xviii,  pp.  111-112. 
"Outline  «»1  a  Thcorv  ot  the  Skull  and  the  Skclet4m'*:    Ann.  Mag.  Nat. 

Hist.,  vol.  xviii, 'pp.  315-302;    xix  (1867),  pp.  371-372;  xx  (1867j, 

pp.  144-145. 
"The   Koek    of    the    Cambridge    Greensand "  :     Gbol.    Mao.,    vol.   iii, 

pp.  302-307. 
"  A  Sketch  of  the  Gravels  and  Drift  of  the  Fenland  ** :  Quart.  Journ.  Geol. 

S<M\,  vol.  xxii,  pp.  470-480;    Phil.  Mag.,  vol.  xxxi,  p.  o47  ;    Geol. 

Mag.,  vol.  iii,  pj).  495-501. 
1S66-7.     **  On  a  new  th^'ory  of  the  Skull  and  of  the  Skeleton;   with  a  Catalogue 

of  the  Fossil  ReniJiius  of  Vertebrate  Animals  contained  in  the  Woodwardian 

Museum  "  :  Proc.  Phil.  Soc.  Cambridge,  vol.  i,  pp.  11-13. 
"  The  Laws  which  have  determined  the  Distribution  of  IJfe  and  of  Rtxks": 

Proc.  Phil.  Soc.  Cambridge,  vol.  i,  p.  39. 
"  On  the  Potton  Sands"  :  Proc.  Phil.  Soc.  Cambridge,  vol.  i,  p.  40  ;  Ann. 

Mag.  Nat.  Hist.,  vol.  xx  (1867),  pp.  23-28. 
"On  the  Associatiim  ot  Potton  Sand  Fossils  with  those  of  the  Farringilon 

Giavels  in  a  Phosphatic  Deposit  at  Upware  on  the  Cam;  with  an  account 

of  the  Superposition  ot  the  Bed-*,  and  the  significance  of  the  Affinities  of 

the  Fossils"  :  Proc.  Phil.  S(»c.  Cambridge,  vol.  i,  pp.  99-105. 

1807.  '*  The  Method  of  Gtob^gy  "  :  Ann.  Mag.  Nat.  Hist.,  vol.  xx,  pp.  405-415. 

1808.  "On  the  Collocation  ot'the  Strata  at  Koswell  Hole,  near  Ely*':    Geol. 

Ma(j.,  vol.  v.  pp.  347-319. 
"On  the  Classiricatiou  of  the  Secondary    Strata   of  England":    Mackie, 
Geol.  KeptTtorv,  vol.  ii,  p.  254. 

1809.  "  The  English  Pi<rodactyl.«s "  :  Ann.  Mag.  Nat.  Hist.,  vol.  iii,  p.  465. 

"  Discovery  of  JhkoHwrlts  in  England  "  :  Geol.  Mao.,  vol.  vi^pp.  188-189, 
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1869.  **  Index  to  the  Fossil  Eemaiii!)  of  Aves,  Ornithosiuria,  ami  Rcptilia  from  the 

Secondary  System  ot  Strata  arran;fcd  in  the  AVotHlwardiuu  Museum  of 
the  University  of  Cambridge*'  :  pp.  xxiii,  14.'J,  8vo,  Camhridj^o. 

1870.  **  On   Ortiithuphin,   a  gij^antic  animal  of  the  Pterodactyle  kind  from  the 

Wealden  "  :  Ann.  Mug.  Nat.  Ulst.,  vol.  v,  pp.  279  28.'^. 
**  On  Zwicapua  doliehorhamphia^  a  pessilo  Cirripedo  from  the  Lias  of  Lyme 

Ivejdrt"  :  Ann.  Mag.  SvX.  Hist.,  vol.  v,  pp.  283-2Si5. 
**  Ilemarks  on  Professor  0^yen'8  Monograph  on  Dimorphodon  "  :  Ann.  ]\[ag. 

Xat.  Hist.,  vol.  vi,  jip.  129-lo2. 
**  The  ( )rnitho8auria :    an  elementary  study  of  the  Bones  of  Pterodactvles, 

ma«le  from  Fossil  Ilemains  found  in  the  Canibridg«)  Upper  Greensand, 

etc.";  pp.  xii,  135,  12  pis.,  Hvo,  Cambridge  and  IiOnd<m. 

1871.  **  Additional  evidence  of  the  Structure  of  the  Jlead  in  Ornitliosaurs  from  the 

Cambridge    Upper   Greensand  '* :    Ann.   Mag.   Xat.    Hist.,    vol.    vii, 

pp.  20-36. 
**  Notes  on  Pnjfessor  Cope's  Interpretation  of  the  Ichthyosaurian  Head"  : 

Ann.  Mag.  Nat.  Hist.,  vol.  vii,  pp.  2GG-2()8. 
**  On    a    new    species    of    Flrsiustninu    from    the    Portland    Limestone 

(P.  %c\n$piteHs\s)  '*:  Ann.  Mag.  Nat.  Hist.,  vol.  viii,  pp.  181-185. 
**Not<»  on  some  Chelonian  Ilemains  from  the  Loudon  Clay*':    Ann.  Mag. 

Nat.  Hist.,  vol.  viii,  pp.  227-233. 
•*  O.i   Acunthftp/toiiit  platypm^    Seeley,   a  Pachypod   from  the   Cambridge 

Upper  GreeusJind'*  :  Ann.  Mag.  Nat.  Hist.,  vol.  viii,  pp.  305-318,  I  pi. 

1872.  **  The  Origin  of  the  Vertebrate  Skeleton":  Ann.  Mag.  Nat.  Hist.,  vol.  u, 

pp.  266-280  ;  vol.  x,  pp.  21-45. 

1873.  **  On  Cetfirthro»auru9  H'alkeH,  Seeley,  an  Ichthyosaurian  from  the  Cambridge 

UppLT  Greensand"  :  Quart.  Journ.  Geol.  Soc,  vol.  xxix,  pp.  505-507. 

1874.  **  On  J/nnatOfiaurua  Leed^ii, a  Plesiosuurian  from  the  Oxford  Clay*'  :  Quart. 

Journ.  Geol.  Soc,  vol.  xxx,  pp.  197-208,  I  pi. 
**  On  the  Tibia  of  Megaloruiit,  a  large  Struthious  bird  fn^m  the  Ijondon 

Clay"  :  Qjart.  Journ.  Geol.  Soc,  vol.  xxxv,  pp.  708-710. 
*  *  Note  on  some  of  the  Generic  moditications  of  the  Plesiosaurian  Pectoral 

Arch*'  :  Quart.  Journ.  Geol.  Soc,  vol.  xxx,  pp.  436-4t9. 
'*Ou   the   Base  of  a   largo    Lacertiau   Cranium   fnmi    th(j   Potton   Sands, 

presumably    Dmosauriau  "  :     Quart.    J(mrn.    Geol.    Soc,    vol.    xxx, 

pp.  690-692,  1  pi. 
'*  On  Cervical  and  Dorsjd  Vertebnu  of  Crocodibii  cantabriffiensin  (Seeley), 

from  the  Cambridge  Uppur  Greensand":    Quart.   Journ.   Geol.    Soc, 

vol.  xxx,  pp.  693-695. 
**  On  the  Pectoral  Arch  and  Fore-limb  of  Ophthalmosanrn^^  a  new  Ichthyo- 
saurian genus  from  the   Oxford  Clay":    Quart.   Journ.   Geol.    Soc, 

vol.  xxx,  pp.  696-707. 

1875.  **  On  the  Femur  of  Ci  yptotnurus  enmerm,  Seeley,  a  Dinosaur  from  the  Oxford 

Clay  of  Great  Grausden  "  :    [1874]  Quart.  Journ.  Geol.  Soc,  vol.  xxxi, 
pp.  149-151. 

**  Note  on  relobtitochelys  Blnkii  and  other  Vertebrate  Fossils  exhibited  by  the 
Itev.  J.  F.  Blake  in  illustration  of  his  paper  on  the  Kimmeridge  Clay  *': 
Quart.  Journ.  Geol.  Soc,  vol.  xxxi.  pp.  234-237. 

**  On  the  Maxillary  Bone  of  a  new  Dinosaur  {rrtodoningnathns  phillipaii) 
C(»utaiued  in  the  Woodwardian  Museum  of  the  University  of  Cam- 
bridge": Quart.  Journ.  Geol.  Soc,  vol.  xxxi,  pp.  439-443. 

**0n  the  Axis  of  a  Dinosaur  fnmi  the  Wealden  of  Brook  in  the  Isle  of 
Wight,  probably  referable  to  the  Iguanodon  "  :  Quart.  Journ.  Geol. 
Sw.,  vol.  xxxi,  pp.  461-464. 

**0n  an  Omithosaurian  [Doralorhynchns  vaUdua)  from  the  Purbeck  Lime- 
stone of  Langton,  near  Swanage  "  :  Quart.  Jouni.  Geol.  Soc,  vol.  xxxi, 
pp.  465-468. 
1876.  "ResSemblances  between  t':e  Bones  of  typical  living  Reptiles  and  the  Bones 
of  other  animals":  [1874]  Journ.  Linn.  Soc  (Zool.),  vol.  xii, 
pp.  155-195. 

**  Similitudes  of  the  Bones  in  the  Enaliomuria  "  :  [1875]  Journ.  Linn.  Soc. 
(Zool.),  vol.  xii,  pp.  296-329. 


248  Eminent  Living  Geologists — 


1876. 


''On  the  posterior  portion  of  a  Lower  Jaw  of  Lahyrinthodon  (X.  Lavifi)^ 
from  the  Trias  of  Sidroouth":  Quart.  Joum.  Geol.  Soc.,  vol.  xxxii, 
pp.  278-283;  Ann.  Mag.  Nat.  Hist.,  vol.  xviii,  p.  181. 

''Notice  of  the  occurrence  of  remains  of  a  British  Fossil  Zntfflodon 
(Z.  Wankli/niy  Seeley)  in  the  Barton  Clay  of  the  Hampshire  Coast  '* : 
Quart.  Joum.  Geol.  Soc.,  vol.  xxxii,  pp.  428-432;  Ann.  Mag.  Nat. 
Hist.,  vol.  xix  (1877),  p.  264. 

"  On  an  associated  series  of  Cervical  and  Dorsal  Vertehnc  of  Polyptychodon, 
from  the  Cambridge  Upper  Grcensand,  in  the  Woodwardian  Museum  oi 
the  University  of  Cambridge*':  Quart.  Joum.  Geol.  Soc,  vol.  xxxii, 
pp.  433-436  ;  Ann.  Mag.  Nat.  Hist.,  vol.  xix  (1877),  p.  265. 

"On  CrocoduHi  ie^nicm  (Seeley),  a  second  and  larger  species  of  Crocodile 
from  the  Cambridge  Upper  Grecnsand,  contained  in  the  Woodwardian 
Museum  of  the  University  of  Cambridge"  :  Quart.  Joum.  Geol.  S«k\, 
vol.  xxxii,  pp.  437-439  ;  Ann.  Mag.  Nat.  Hist.,  vol.  xix  (1877),  p.  265. 

"On  Macrurosaurm  semnut  (Seeley),  a  long- tailed  animal  with  proccBlous 
vertebnu  from  the  Cambridge  Upper  Greensand,  preserved  in  the 
Woodwardian  Museum  of  the  University  of  Cambridge  *' :  Quart.  Joum. 
Geol.  Soc,  vol.  xxxii,  pp.  440-444;  Ann.  Mag.  Nat.  Hist.,  vol.  xix 
(1877),  pp.  265-266. 

"On  remains  of  £mi/8  hordwfllt^ftis  (Seeley)  from  the  T^wer  Honlwell  Betls 
in  the  Hordwell  Cliff,  contained  in  the  Woodwanlian  Museum  of  the 
University  of  Cambridge":  Quart.  Joum.  Geol.  Soc,  vol.  xxxii. 
pp.  445-4o0  ;  Ann.  Mag.  Nat.  Hist.,  vol.  xix  (1877),  pp.  264-265. 

"On  the  British  Fossil  Cretaceous  Birds":  Quart.  Joum.  Geol.  Soc., 
vol.  xxxii,  pp.  496-512;  Ann.  Mag.  Nat.  Hist.,  vol.  xix  (1877), 
pp.  260-261. 

1877.  **  On  MauimuruH  Gardneri  (Seeley),  an  Elasmosaurian  from  the  base  of  the 

Gault  at  Folkest<me  "  :  Quart.  Joum.  Geol.  Soc.,  vol.  xxxiii,  pp.  541- 
546 ;  Ann.  Mag.  Nat.  Hist.,  vol.  xix,  pp.  268-269. 
"  On  the  Vertebral  Column  and  Pelvic  Bones  ot  Plio»aurti»  EvnnH  (Seeley), 
from  the  Oxford  Clay  of  St.  Neots,  in  the  Woodwardian  Museum  of  the 
Univei-sitv  of  Cambridge "  :  Quart.  Joum.  Geol.  Soc.,  vol.  xxxiii, 
pp.  716-723. 

1878.  "On  the  Or^^^anization  of  the  Omithosauria **  :    [1S75]  Journ.  Linn.  Soc. 

(Zo(»l.),  vol.  xiii,  pp.  S4-107. 
"  On   New   Species  ot    J'rocofophon   from  the   Cape   Colony  preserved  in 
Dr.  (JriorsonV  Museum,  'Ihonihill,  Dumtrie*^shiro ;    with  some  n-marks 
on  the  athnitios  ot  the  genus  [/*.   Gnn'AO?ii^  P.  cuuricrpn^   P.  latkce^yi^ 
n.spp.]":  Quart.  Journ.  Geol.  Soc,  vol.  xxxiv,  pp.  797-807. 

1879.  "Die    Dinobauria  *' :     Monat'jbhitt.    Wis.>enschattliuhen    Club    in    Wien, 

pp.  1-L 
"On  the  Dinosauria  of  the  Cambridge  Green.sand"  :  [1878]  Quart.  Journ. 

Geol.  Soc,  vol.  XXXV,  ]>p.  oyi-GJJo. 
"  Note  on  a  Fmiur  an<l  a  liunierus  oi  a  small  Mammal  from  the  StonestitUl 

Slate  "  :  (iuart.  Journ.  Oi'ol.  Soc.,  vol.  xxxv,  pp.  AM\-\^'l. 

1880.  "  The  Dinosauria  "  :  [1879]  Popular  Sei.  Kt^view,  vol.  xix.  pp.  44-60. 
"On    liliionphocfphahii  Piotwichi^    Sn'lev,    an   Ornithosaurian    from    the 

Stouestiiid    Slate   at    Kineton'':     [lS79]    Quart.    J(»urn.    CJeol.    Soc., 

vol.  xxwi,  pp.  27-.'i0. 
"Xotf  (Ml  iWiihophoriis  pohitjonun^  v.  Meyer,  a  New  Type  of  Cheloni.in 

Iit']>tile  allied  to  tlie    FA'athi-ry  Turtle":    (iuart.   Journ.   Geol.    Soe., 

vol.  xxxvi,  ]»p.  4()r»-li:j. 
"  Note  on  the  ("ranial  Charaetei-s  of  a  lar^n?  Tileosaur  from   the  Whitby 

liias   preservetl   in   tlie   Woodwardian    .Museum    of    the    University   ot 

Camhridire,  iiulieatin;r  a  \rw  Species.   TvhoMturfts  eucephaiHs"' :  Quart. 

Journ.  i.ivol.  Soc,  vol.  xxwi,  pp.  ()'J7-6  H. 
"On  the  Skull  of  an  Irhthijufiain'ns  from  the  Lias  of  Whitby,  apparently 

indicatinir   a   New   Species    {F.   zethnnln-us^    Seeley'*,   preserved   in   the 

W4MKhvanlian  .Mu-^euni  of  the  Univtisity  ul  Canibriil^e"  :   Quart.  Jv»urn. 

Oei»l.  Soc,  Vi»l.  xxxvi,  j)p.  G;i')-til7. 
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1880.  **  Report  on  the  mode  of  reproduction  of  certnin  Species  of  Ichtkyosauru$ 
from  the  Lias  of  England  and  Wiirtemburg'*  ;  Rep.  Brit.  Assoc, 
pp.  68-76. 

"Note  BUT  rextr6niit6  distale  d*un  femur  de  dinosaurien  provenant  du 
portlandien  supdrieur  de  la  Puterie,  pr^  de  Boulogne,  mentionn6  par 
M.  C.  Prevoet  a  la  reunion  de  la  Societe  geologique  de  France  en  1839^' : 
Bull.  Soc.  Geol.  Paris,  vol.  viii,  pp.  620-522. 
1881-     **  On  the  Dinosauria  "  :  [1879]  Proc.  Geol.  Assoc.,  vol.  vi,  pp.  175-185. 

<*  On  remains  of  a  small  i^izam  from  the  Neucomian  Rocks  of  Comen,  near 
Trii-ste,  preser^'ed  in  the  Geological  Museum  of  the  University  of 
Vienna":  [1880]  Quart.  Joum.  Geol.  Soc,  vol.  xxx^ii,  pp.  62-56. 

**  On  evidence  of  two  Omithosaurians  referable  to  the  genus  Omithoeheiy-ui^ 
from  the  Upper  Greensand  of  Cambridge,  preserved  in  the  Collection 
of  W.  Reed,  fesq."  :  Geol.  Mao.,  vol.  viii,  pp.  13-20. 

**  The  Reptile  Fauna  of  the  Gosau  Formation  preserved  in  the  Geological 
Museum  of  the  University  of  Vienna":  Quart.  Joum.  Geol.  Soc, 
vol.  xxwii,  pp.  620-702,  704-707. 

**  Note  on  the  Caudal  Vertebra  of  a  Cetacean  discovered  bv  Professor  Judd 
in  the  Brockenhurst  Beds,  indicative  of  a  new  tyi)e  allie«l  to  BaiconopUra 
{finl<enopfera  Juddi)  "  :  Quart.  Journ.  Geol.  Soc,  vol.  xxxvii,  pp.  709- 
712,  text-figs. :  Geol.  Mao.  (2),  vol.  viii,  pp.  380-381. 

**  Professor  Carl  Vogt  on  the  Archtcopteryx^^  \  Geol.  Mao.,  vol.  viii, 
pp.  300-309. 

**  On  some  Differences  between  the  Loudon  and  Berlin  Specimens  referred  to 
Arrhaopteri/x** :  Geol.  Mao.,  vol.  viii,  pp.  454-45.). 

1882.  •*  On  KfUHticomHrwi  pusiliuft  (Fraas),  an  amphioiou.^  reptile  having  affinities 

with  the  terrestrial  Xothosauriii  and  with  the  marine   Plesiosauria  " : 

Quart.  Joum.  Geol.  Soc,  vol.  xxxviii,  pp.  350-366. 
*•  On  a  remarkable  Dinosaurinn  Corncoid  from  the  Wealden  of  Br«^ok  in  the 

Isle  of  Wight,  preserved  in  the  Woodwardian  Museum  of  the  University 

of  Cambridge,  probably  referable  to  Ornithopai^  "  ;  Quart.  Joum.  Geol. 

Soc,  vol.  xxxviii,  jip.  367-371. 
*•  On   TheeospondyluB  Homeric  a  now  Dinosaur  from  the   Hastings  Sand. 

indicated  by  the  Saomm  and  the  Neural  Canal  ot  the  Sacral  Region  "  ; 

Quart.  Joum.  Geol.  S(K'.,  vol.  xxxviii,  pp.  457-400. 
**  The  History  of  the  Skull":   Science  Society  of  King's  (^ollege,  London, 

pp.  15. 

1883.  **  On  the   Dnr^sal  Region   of  the  Vertebral   Column   of  a   new   Dinosaur 

(indicatinir  a  mrw  genus.  Sjihenospowiylus),  from  the  Weahleu  ot  Bmok 

in  the  Isle  of  Wight,  j>resorved  in  the  Woodwanlinu  Museum  ot  the 

University  of  Cambridge"  :  [18S2]  (iuart.  Joum.  G(M)1.  Soc,  vol.  xx.xix, 

pp.  55-6 i. 
*'  Ou  the  Dinosaurs  from  the  Maastncht  Beds"  :  Quart.  Joum.  Geol.  Soc, 

vol.  xxxix,  i^p.  246-253. 
**  Pisces":  Caswell's  Natural  History,  vol.  v,  pp.   1-1 1'.),  text-fii,nires :  4to, 

Lond<»n. 
18S5.     **  Dr.  Fntsch's  P(?miinn  Amphibians  of  Bohemia":    (Jr.oL.  Mag.,  dec  iii, 

vol.  ii,  pp.  80-S7,  etc     [Kevi«.'w.] 
**  Physical  Geology  and  I'al.'i'oiitology  "  :  Phillips'  Mniiual  ot  Geology,  pt.  i, 

pp.  xiv,  546  ;  8vo,  London. 
1866.     Department  of  the  luteriiir:  Keport  of  the  United  States  Geological  Survey 

of  the  Territ^)ries.     F.  V.  IIa\den.  United  St:ite«  Ge;)lo-ri'<t-iu-rMiargo. 

Vol.  iii :   '*  The  Verti?br:ita  (»t  the  T(frtiary  Formations  oi  the  West  "  : 

Book  i.     By  Edward  D.  Co|)e,   etc  :    Gkol.  Mao.,  d  •(•.  m,  vol.  iii, 


n 


pp.  410-419,  405-477,  oTJ-Vil,  text-tiirure-*.     [U.'view.] 
'he  Fi 


The  Fresh-water   Fi-^hes  of  Kurope,   a  history  of  their  ge:iera,  sjwies, 

habit"*,  and  distribution  '' :   pp.  x.  141,  I  i)late,  text-illust. :  8vo,  London. 
1887.     **  Xame^  of  Bones  Revised"  :    Geol.  Mao.,  dec  in,  vol.  iv,  pp.  478-470. 

[Correspondence] 
On  a  Sacrum,  apparently  indicating  a  new  type  of  Binl,   Onnthodtxnmn 

eluiiiculux^  Seeley,  from  the  WeaUUn  of  Brook  *'  :  (^uart.  Joum.  Creol. 

Soc,  vol.  xliii,  pp.  206-211,  pi.  xii ;    Geol.  M.vg.,  dec  in,  vol.  iv, 

p.  236. 
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18S7.  **  On  HfteroMuchu*  rnldr^nni»^  Seeley,  a  Proco^lian  Crocodile  from  the 
Hasting  Saud  of  Ilastiogs  '* :  Quart.  Joum.  G«ol.  Soc.,  toI.  xliii, 
pp.  212-21.'),  pi.  xii ;  Geol.  Mao.,  dec.  iii.  vol.  iv,  pp.  V35-230. 

**  On  Patriconauriis  merocratm,  Sceley,  a  Lizard  from  the  Cnmhridge 
Greensaud,  p^•^'e^•ed  in  the  Woodwardian  Museum  of  the  Univereity  of 
Cambridge'':  Quart.  Joum.  Geol.  Soc.,  vol.  xliii,  pp.  21G-220,  pi.  xii. 

**0n  Aristoisuchu*  pusdluA  (Owen',  beinjj  further  notes  on  the  Fivj-sila 
described  by  Sir  11.  Owen  as  roikUophnron  pu$iUmi,  Owen*'  :  (Xunrt. 
J(»urn.  Geol.  Soc,  vol.  xliii,  pp.  221-228,  pi.  xii,  text-figs.  ;•  Geol. 
Mao.,  dec.  iii,  vol.  iv,  pp.  234-235. 

'♦  On  the  Mode  of  Devflopment  of  the  Young:  in  PUsioaaurMt** :  Kep,  Brit. 
Assoc.  Adv.  Sci.,  pp.  6D7-698;  Geol.  Mao.,  dec.  iir,  vol.  iv, 
pp.  r)62-ot>3. 

'*  On  the  CIas.<itic4iticn  of  the  Fossil  Animals  commonly  named  Dinosauria  " : 
l*r(>e.  Hoy.  Soc.  vcd.  xliii,  pp.  lOo-lTl. 

"On  Cttiimurin,  an  liruanixlont  genus  founded  upon  JgumutdoH  Frtatirirhi^ 
llulke  "  :  Kep.  Brit.  Assoc  Adv.  Sci..  p.  698. 

**  On  the  reputwl  Clavicles  and  Interclancles  of  Jgwrnodtm  "  :  Rep.  IJrit. 
Assoc.  Adv.  Sci.,  p.  698 ;  Geol.  Mao.,  dec.  ni,  vol.  iv,  pp.  o(;i-o62. 

"The  Classification  of  the  ^  Dinosauria  "  :  Rep.  Brit.  Assoc.  Adv.  Sci., 
l)p.  698-G99 ;  Geol.  Mao.,  dec.  iii,  vol.  iv,  p.  662. 

"  Factors  in  Life"  ;  pp.  191,  12mo,  London,  S.r.C.K. 
ISbiS.     '*  On  Thecof(fioni1tflnH  Davicsi  (Seeley).  with  some  remarks  on  the  Classifica- 
tion of  the  Dinosauria  "  ;  Quart.  Joum.  Geol.  Soc,  vol.  iliv,  pp.  79-87, 
text-illust. 

"Classification  of  the  Dinosauria":  Geol.  Mao.,  dec.  in,  vol.  v, 
])p.  4-3-46.     [Corres|K)ndence.] 

"  On  the  Nature  and  Limits  of  Reptilian  Character  in  Mammalian  Teeth  " : 
Proc.  Roy.  Soc,  vol.  xliv,  pp.  129-141. 

Re<t'arches  on  the  Stmcture,  Orjranization,  and  Clasfdficntion  of  the  Fi»ssil 
Rpptilia.    I'art  i :  "On  Proterosanrn»  Sptneri  (von  Meyer)  '* :  Phil.  Trans. 
Roy.  Soc,  vol.  clxxviii,  B,  pp.  187-213,  3  pis.,  text-tijrs. 
18S9.     "  Note  t»n  the  Pelvis  of  Oruithoptna''^  :  Quart.  Journ.  Geol.  Soc,  vol.  xlv, 
pp.  391-397,  tevt-ti«:s.  ;  Gkol.  Mao  ,  dec  iii,  vol.  vi.  pp.  237-238. 

"  Some  Soicntifie  Results  of  a  Mission  to  South  Africa"  :  Irans.  S.  African 
Phil.  Soc,  pp.  1-16. 

Risearchf^  ou  the  Structure,  Orjrjinization,  and  Classification  of  the  Fossil 
Rf])tili:i.  Part  ii :  •*  On  rnrcmsauru^  bomhidvna  (Owen)  and  the 
sijriiificauce  ol  its  Affinities  to  Amphibians.  Reptiles,  and  Mammals"  : 
Phil.  Trans.  Rt.y.  Soc,  vol.  clxxix,  B,  pp.  59-109,  10  pis.  Part  iii  : 
"On  l*arts  <»f  the  Skeleton  ol  a  >[ammal  from  Triassic  R«x^ks  of 
Kliphuitein,  Frns«'rher*r.  South  Africa  {Thcriodf^mnaphylarehu*,  Seeley), 
illustiiitinjr  the  Keptilian  Inheritance  in  the  Mammalian  Hand":  Phil. 
Trnns.  Roy.  Soc,  vol.  clxxix,  B,  pp.  141-155,  1  pi.,  text-illust. 
Part  v:  *' On  Associate<i  Bonos  ol  a  small  Anomodont  Reptile, 
KrinKjnalliiii  cordf/Imt  ^Seeley),  showinif  the  relative  dimensions  of  the 
anterior  parts  ot  the  Skeleton  and  Structure  of  the  Fore-limb  and 
Shouhler-L'irdle  "  :  Phil.  Trans.  Roy.  Soc,  vol.  clxxix,  B,  pp.  487-501, 
2  ])ls..  text-illust.  Part  vi:  *'On'the  Anoinod<mt  Reptilia  and  their 
Allies":  Phil.  Trans.  R.)y.  Soc,  vol.  clxxx,  B,  189o,  pp.  215-296, 
15  pis.,  text-illust. 
1801.  "On  yiifroffOKriis  Moct/illivnTt/i  (Seeley),  a  Saurischian  Reptile  from  the 
North-East  Coast  of  Australia  "  :  Quart.  Joum.  Geol.  5>oc.,  vol.  xlvii, 
pp.  104   165,  1  pi.  ;  Geol.  Mao.,  dec.  in,  vol.  viii,  p.  138. 

"  On  Snirodtsnifi!!  hvfurtyoni  (Seeley),  a  CrocoiHlian  Reptile  from  the  Rha^tic 
of  Link«field  in  P^lL'in  "  :  liuart.  Journ.  Geol.  Soc,  vol.  xlvii,  pp.  166- 
169,  I  pi. :  Gkol.  Mao.,  dec  iii,  vol.  viii,  p.  138. 

"  On  btthalns  lianni  Seelev)  "  :  Gkol.  Mao.,  dec.  Hi,  vol.  viii,  pp.  199- 
202,  text-illust. 

"On  the  Shoulder-pinlle  in  Cretaceous  Ornithosauria "  :  Ann.  Mag.  Nat. 
IliM.,  ser.  VI,  vol.  vii,  ]ip.  438-4-15.  text-illust. 
The  Ornitlu (saurian  Pelvis":   Ann.  Mag.  Nat.  Hist.,  ser.  vi,  vol.  vii, 
]»p.  237  255,  text-illust. 
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1892.  *•  On  the  Os  Pubis  of  Tolacanthns  Foxii  " :    Quart.   Journ.    Geol.    Soc, 
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II, — Fossil  Plants  fboh  Eorrr, 

,  M.A.,  F.K.S.,  Pivfessoi  of  liotunr,  Cambridge. 

THE  following  notes  on  three  fossil  plants  han-loil  to  me  by 
Br,  Hume  have  been  written  at  the  reqtiost  ot  Ciipt.  Lyons, 
Director-General  of  the  Survey  Department  of  E^ypt.  Tlio  materiol 
is  unfortunately  too  frngucntary  to  admit  of  satisfiictory  determination ; 
but  in  -view  of  our  ig:norancc  in  regard  to  tho  former  vegetation  of 
Egypt,  it  ia  desirable  to  put  on  recoi*d  all  available  information.  Of 
the  three  fossils  only  ono  is  sufficiently  well  prcseiTed  to  be  refori^'d 
irith  any  degree  of  certainty  to  a  genua. 
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Specimen  I.  Fig.  1.  (No.  10,714.)  From  the  sandstone  (Xuln an) 
hills  east  of  Kdfii,  on  tlie  watershed  between  W'adi  Dum  and  the  larjje 
valley  flowing  east  into  Wadi  Abbad.  Latitude  approximately  25^  N. 
Collected  by  Mr.  H.  T.  Ferrar,  of  tbe  Egyptian  Geological  Survey. 

The  specimen  is  represented  natural  size  in  the  Figure;  it  is  a 
portion  (»f  a  fern  frond  with  very  clearly  marked  venation.  From  the 
base  of  the  fnigment  seven  strong  ribs  radiate  through  the  lamina  in 
a  palmate  manner ;  these  an*  represented  by  grooves  with  small  pieces 
of  the  axes  shown  at  a  and  b.  Two  of  the  ribs  are  forked  near  the 
etlge  of  the  lamina.  From  the  main  veins  slender  branches  are  given 
off  at  right  angles,  the  s])aces  between  them  being  divided  into 
polyj?oual  areas  by  still  smaller  veins,  which  form  a  reticulum  in  the 
meshes  of  which  the  ultimate  veinlets  end  freely.  (The  venation  is 
shown  in  the  enlarged  drawing  to  the  right  of  Fig.  1.)  This  type  of 
venation  is  very  similar  to  tliat  of  the  recent  fern  Dipteris,  wliieh 
occurs  in  Northern  India,  the  Malay  region,  and  elsewhere;  it 
characterises  also  certain  Mesozoic  genera  regarded  by  some  authors 
as  members  of  the  family  to  which  Dipteris  belongs.  The  Egyptian 
specimen  clearly  represents  the  basal  portion  of  the  lamina  of  a  faii'ly 
large  leaf,  of  which  the  main  scaffokling  consisted  of  dichotomously 
bnmched  j)almate  ribs.  A  Liassic  fern  from  Steicrdorf,  originally 
figured  by  Andrae  as  Protorhipis  Buchii^  exhibits  a  type  of  venation 
similar  to  that  shown  in  Fig.  1.  In  Protor/tipis  the  veins  are  less 
spreading  and  fork  at  a  sliorter  distance  from  the  base  of  the  lamina ; 
the  leaf  as  a  whole  is  smaller  than  that  of  which  the  specimen 
before  us  formed  a  part.  The  differences  between  the  species 
des(ri}»ed  by  Andrae  *  and  the  Egyptian  example  are  clearly  shown  by 
a  (omparison  of  Fig.  1  with  i)hotographs  of  the  Steierdorf  jdant 
published  by  Zeiller  *  in  1897;  other  species  of  the  same  genus  have 
been  li^ured  mow  recently  by  Von  Richter^  as  species  of  Ifamniannia 
from  tlie  FiOWer  Cretaceous  of  Quedlinburg. 

The  fragment  shown  in  Fig.  1  should,  I  believe,  be  refen'ed  to  the 
genus  Clathropicris.  In  the  fossil  genera  Diviyophyllum  and  Clathrop- 
tcris  the  lamina  is  divided  distally  into  several  lobed  pinnoD  which 
an"  coalescent  above  the  petiole  into  a  continuous  lamina:  it  is  this 
continuous  basal  region  which  is  represented  in  the  Egyptian  fragment. 
The  two  ferns  Didyophyllum  and  Claihropteris  are  no  doubt  very 
closely  related,  but,  as  !Nathorst*  says,  it  is  prohably  better  to  retain 
both  names  on  the  ground  that  a  study  of  a  great  numlwa*  of  forms 
has  convinced  him  of  the  existence  of  well-defined  differences.  The 
s|)( « inien  exhibits  the  rectangular  venation  characteristic  of  Clathrop- 
tcri-^,  but  it  is  noticeable  that  in  a  s])ecimen  of  C.  menisioides  figured 
by  (ioe])pert,^  as  in  those  figured  by  Zeiller^  from  the  Rha^tic  of 
Tonkin,  and  by  >»'athor>t"  from  the  Khaitic  of  JScania,  the  venation 

'  Al.li.  k.k.  K.-iciisaii^t..  IM.  ii,  Al>t.  3,  IS.');}. 

-  Kfv.  (icn.  lint.,  ix,  Ks07.  ]'l.  x\i. 

^  iJi'it.  Flora  Tnt.  Kn  ulr  (iii.'<lliiil»urg,  lOOO. 

'  Kuiiirl.  Svtii-k.  V(t«ii«<k:ip<.  Ilaml..  J>(1.  xli,  Xo.  .'),  lOOfi  :  also  ibid.,  No.  2. 

^  (i:iltiinLr«  11  i'-'^*^.  I*ll:m/«n,  ISil,  Lief,  o  aiul  <»,  \tU.  xviii,  xix. 

'  ri'.r.  I..--,  'rc.nkiii.  \W2. 

~  Kini::!.  .Svriisk.  V(.tt:i-liai)><.  llaml.,  liil.  xli,  No.  2. 
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in  the  basal  part  of  the  fronds  is  much  le-^s  reg:ular  and  less  rectangular 
than  in  Fig.  1.  Though  it  is,  as  a  rule,  unwise  to  institute  a  new 
ipecies  on  so  small  a  fragment,  I  am  disposed  to  suggest  the  name 
(J,  egypiiaca  as  a  distinctive  designation  for  the  first  example  of  this 
jenus  from  the  continent  of  Afi-ica,  which  seems  to  differ  from  the 
jridelv  distribut^'d  C,  rnvnUcoidea  iu  the  arrangement  of  the  veins  in 
.he  continuous  part  of  the  lamina.  It  is,  however,  possible  that  the 
(pecimen  is  specitically  identical  with  Brongniart's  species  C.  mcniHcoides, 
1  short  account  of  the  geological  range  of  Clathropten's  and  of  other 
nembers  of  the  Dipteridina)  may  be  found  in  a  paper  by  ^fiss  Dale 
ind  myself  published  in  1901.*  The  genua  Claihropteris  occurs 
ibnndantly  in  lihajtic  rocks  in  many  parts  of  the  world ;  it  is  found 
dso  in  strata  of  Liassic  age.  So  far  as  it  is  possible  to  form  an 
>pinion  as  to  the  age  of  the  rocks  from  a  single  fragment  of  a  frond, 
ie  probability  would  seem  to  be  in  favour  of  a  Kinetic  ago.  It  is, 
lowever,  impossible  to  speak  with  confidence  from  an  examination  of 
±e  data  at  present  available.  Mr.  Hume,  of  the  Egyptian  (Geological 
Survey,  who  has  read  a  proof  of  these  notes,  wriUis  iu  a  letter  dated 
May  1st,  1907  : — '*  Clat/iroptrris  was  collected  in  such  close  relation 
to  the  Cretaceous  (Campanian")  beds  that  1  regard  the  sandstone  in 
irhich  it  was  found  also  as  Upper  Creticeous,  but  we  are  sadly  in 
aeed  of  further  evidence."  There  is  no  reason  why  CiathropterU 
fgyptiaca,  which  closely  resembles  the  recent  genus  DipteriHy  should 
act  have  existed  during  the  Cretaceous  i)eriod,  though  such  fossils  as 
agree  most  nearly  with  the  Nubian  specimen  have  hitherto  been 
recorded  from  lower  horizons. 


2a 

Specimen  II,  Figs.  2  and  2a.  (Xo.  10,547.)  Found  on  the  side  of 
*  hill  about  27  miles  south  of  east  of  Albigi.  a  station  on  the  Nile 
between  Aswan  and  Wadi  Haifa  ;  speaking  roughly,  latitude  22^  30'  N. 

J  rhil.  Trans.  Rov.  Soc,  1901. 
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in  tlie  desei-t  east  of  the  Nile.  Collected  by  Mr.  P.  C.  A.  Stewart,  of 
the  Egyptian  Geological  Survey. 

Tliis  specimen  (10  cm.  in  length)  is  part  of  a  compound  frond 
very  imperfectly  preserved ;  it  is  impossible  to  determine  whether  it 
is  part  of  a  bipinnate  frond  or  a  piece  of  a  pinna  belonging  to  a 
tnjnnnate  frond. 

Incomplete  crowded  pinna3  are  given  ofE  from  a  rachis ;  these  are  of 
uniform  breadth,  and  bear  bluntly  rounded  pinnules  4  mm.  in  length, 
attached  to  the  i)innaB  axes  by  the  whole  of  the  base  (Fig.  2 ;  enlarged 
rather  more  than  four  times).  The  specimen  as  a  whole  is  practically 
identical  in  habit  with  a  pinna  of  the  Palaiozoic  species  Pecop/rn's 
arhor emeus,  Tlie  longest  pinna  is  4'5  cm.  long,  but  when  complete^  it 
must  })avo  cou.sidei*ably  exceeded  tliis.  It  is  worth  noting  that  the 
pinnules  juc  inclined  to  the  axis  of  the  pinnae  like  the  arms  of  a  wide 
open  V  (Fig.  2^),  as  in  the  Wealden  fern  IFeichselia  Mantelli}  It  is 
imi)ossible  to  make  out  the  venation  characters,  but  here  and  there 
one  sees  traces  of  a  midiib  and  of  lateral  veins ;  in  one  place  I  not.ic^>d 
wliat  ap])ears  to  be  a  lateral  connection  (Fig.  2)  between  two  of  the 
se(.'on(lary  veins. 

While  admitting  that  it  is  futile  to  attempt  to  determine  the  precise 
nature  of  the  fossil  with  any  degree  of  certainty,  I  am  inclined  to 
favour  the  comparison  with  the  Wealden  IFeichselia  as  the  most  likely 
guess  at  affinity. 


I  ' 

f 

1 

SpciinualH.  Fig.  3.  (Xo.  1123.)  From  Wadi  A raba ;  about  300 
miles  north  of  Kdfu,  near  the  shores  of  the  Ked  Sea. 

Th(»  s])oeimen  consists  of  a  few  fragments  of  pinnro  bearing  closely- 
set  pinnules  as  shown  in  Fig.  3;  the  venation  is  more  clearly  seen  in 
the  enlarged  drawing,  Fig.  3^.  Accurate  identification  is  almost 
li()])eless ;  it  is,  ho\vev(M\  jKMmissible  to  suggest  that  the  appearance 
of  the  ])innules  ri minds  one  of  a  ^lesozoic  rather  than  of  a  Palaeozoic 
spLcies.  Such  a  fei'u  as  Klukia  exiJis  of  Jurassic  age  presents  a  close 
re>enil)lanee  in  the  form  of  tlu;  pinnie  to  the  Egyptian  specimen. 

(j'olofiical  Afjr  (if  tJtc  Itovl'fi  from  which  the  Specimens  were  obtained. 

Specimen  1.  CJdtln'opfcris  (f/i/ptiacn^  sp.  nov.  Such  evidence  as 
the  fragment  ail'ords  is  i)rimarily  in  favour  of  a  Rhajtic  or  Lower 
Jurassic  a2:e. 

^  S.  wanl :  Tin*  Wtnltli'ii  FK)ra,  nt.  i  (IJrit.  Mus.  Catalo^e,  1894).  See  also 
Xath(.i>t:  Aivh.  Ver.  Freuml.  >'at.  Meckl.,  Jahr.  41,  1890. 
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Ipecimen  II.     Although  the  state  of  the  specimen  is  not  such  as  to 

lify  the  use  of  a  name,  it  is  possible  that  it  represents  a  fragment  of 

ich^eiia,  and  if  so,  the  age  may  be  put  down  as  Wealden.     This 

ipaiison  is  made  with  considerable  liesitation,  and  it  is  not  one  to 

ich  any  weij^ht  should  he  attached. 

Specimen   III.     CladophUhis  sp.     It  is  convenient  to  adopt  this 

.eric   name    as   a   designation   for  the   pieces   of  pinnaj   bearing 

nules  of  tlie  Cladophkhis  type. 

The  resemblance  to  Klukia  exilix,  while  suggestive  of  a  Jurassic 

izon,  is  of  practically  no  value,  as  this  form  of  pinna  is  one  of  the 

imonest  among  ferns  of  different  ages. 
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COMPAKISON   OF  BkITISH   AND    SCANDINAVIAN    TbEMADOC   AND    ArENIG 

Rocks. 

By  William  G.  Fearnsides,  M.A.,  F.G.S., 

Fellow  of  Sidney  Sussex  College,  Cambridge. 

iVTiTH  A  coloured  Foldixg-Sectiox,  PIATE  \ail ;   and  PLATE  IX.) 

Introduction. 

,8  a  worker  among  the  Lower  Palaeozoic  rocks  of  "Wales  I  have 
[  for  some  years  devoted  a  good  deal  of  time  to  the  study  of 
[Diadoc  and  Arenig  rocks,  and  in  common  with  others  have  therefore 
m  wished  to  check  the  results  attained  in  that  district  of  great 
Iknesses  and  tectonic  complication  hy  reference  to  the  thinner  and 
te  fossiliferous  series  of  the  undisturbed  areas  of  Northern  Europe. 

150,  therefore,  the  Senate  of  the  University  of  Cambridge  granted 
the  Worts  Fund  for  travelling  scholars,  and  instructed  me  to 
y  the  interrelationships  of  the  Tremadoc  and  Arenig  Series  in 
idinavia,  I  at  once  took  advantage  of  the  opportunity,  and  spent 
months  of  Mav,  June,  and  July  in  hammering  over  those  rocks  in 
field. 

le  course  of  my  journey  took  me  through  Sk&ne,  Oland,  Dalarne, 
3efle  and  Upsala  district,  Ostergiitland,  Vestergotland,  and  the 
tiania  and  Eker  districts  of  Norway  in  order,  and  with  the 
ption  of  Nerike  I  was  able  to  visit  almost  all  sections  where 
X)wer  Arenig  has  been  seen  to  rest  upon  Tremadoc  rocks.  The 
ons  visited  have  all  been  described  or  mentioned  in  various  local 
oirs  by  Swedish  or  Norwegian  geologists,  but  I  have  not  been 
to  find  any  detailed  English  account  of  them,  and  as  also  I  have 
net  with  any  comparative  account  of  the  variation  of  the  various 
bers  of  the  succession  in  the  different  districts,  I  have  thought 
a  systematic  stratigraphical  account  of  the  rocks  as  taken  from 

field  observations  may  be  of  interest. 
e  present  communication,  therefore,  though  based  entirely  upon 

field  notes,  makes  no  pretence  of  recording  new  facts,  and  is 
original  in  so  far  as  it  is  comparative,  and  that  its  comparisons 
to  bring  out  certain  now  evidence  as  to  the  physical  conditions 
g  Tremadoc  and  Arenig  time.  Except  in  the  matter  of  the  time 
tions   shown  by  Dictyonema  which  is  here  put  forward  and 
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discussed  for  the  first  time,  I  have  passed  over  all  questions  of 
palflBontology  and  constitution  of  the  various  sub-faunas  with  a  brief 
reference  to  the  work  of  the  Scandinavian  geologists,  and  have  quoted 
only  such  fossils  as  actually  fell  to  my  hammer. 

In  searching  out  the  exposures  discussed  I  have  made  full  use  of 
the  maps  and  memoirs  of  the  Swedish  Geological  Survey,  and  in 
addition  have  enjoyed  the  advice  of  and  conversation  with  such  eminent 
geologists  as  Professors  Tomquist,  Brogger,  Moberg,  and  Docents 
TViman  and  Kjaer,  to  whom,  as  well  as  to  other  authors  of  maps  and 
papers,  I  would  tender  my  warmest  thanks.  In  the  course  of  my 
travels  and  in  the  working  up  of  my  field  notes  I  have  found  the 
following  papers  most  useful,  and  those  who  wish  to  pursue  the 
subject  jPurtlier  may  be  referred  to  them.  I  have  arrangtni  the 
references  geographical Ij-  in  the  order  of  the  districts  visited,  and  in 
the  body  of  the  paper  shall  refer  to  them  by  the  letters  and  numbers 
appended. 
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Subsequent  workers  will  also  find  the  recently  published  papers 
by  Wiman  on  the  Dalarae  Ceratopyge  beds  (C),  G.F.F.,  1906, 
and  Von  Post  on  the  similar  beds  of  Falbygden  useful,  while  the 
masterly  new  monograph  of  the  **  Ceratapyge  region"  by  Moberg  & 
Segerberg,  Med  frdn  Lunds  Geol.  Faltklubb.  ser.  B,  No.  2,  1906,  like 
the  older  monograph  of  the  gi*aptolites  of  the  Phyllo-Tetragraptus 
Skiffer  by  Tornquist,  Lunds  Univ.  Arskrift  (G),  1901  and  1904,  is 
quite  indispensable  to  all  students  of  **  Lower  Silurian  "  palaeontology. 
The  **  Ceratapyge  region "  monograph  contains  also  a  full  authors* 
bibliography  of  the  palaeontology  of  the  Scandinavian  and  some 
equivalent  British  and  foreign  beds  here  discussed,  and  this  it  is 
therefore  unnecessary  here  to  reproduce.^ 

Xote. — The  following  portion  of  the  paper  in  its  present  form  was  read  before  the 
Geological  Society  on  Feb.  27th,  1907,  and  is  published  in  abstract  in  the  Proceedings 
of  the  Geological  Society  of  March  4th,  1907. 

In  stating  briefly  the  results  of  my  work  I  shall  consider  the 
Tremadoc  and  Arcnig  rocks  of  Scandinavia  in  the  three  broad 
divisions — 

C.  Didymograpius  shales  and  Orthocerakalk, 
B.  Glauconite  shales  and  Ceratopygekalk, 
A.  Diciyonema  and  Bryograptm  shales. 
taking  them  in  the  order  of  their  superposition.    Along  with  division  A 
I  shall  discuss  also  the  underlying  highest  zone  of  Alum  Shales  (the 
Aeerocare  zone),   into  which  in  all   parts   of   Scandinavia  it   passes 
continuously. 

*  See  also  note  on  this  monograph  in  Geological  Magazine,  February,  1907,  by 
W.  G.  Fearosides,  p.  85. 
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A.   The  Dicti/onema  and  Bryograptus  Shales, 
Taking  first  the  areas  where  sedimentation  was  completely  continuous 
throughout  the  period  A,  we  may  begin  with  the  Kiistiania  district. 
Here  the  oldest  beds  in  which  we  are  interested  are  the  upper  beds  of 
Professor  Brogger*s  2rf  (K  1),  which  both  palceontologically  and  litho- 
logically  belong  to  the  Oleniis  or  Alum  Shale  Series.     They  contain 
Paraholina  heres  and  Cyclognathxia  micropt/gus,  and  with  them  certain 
fragments  of  Asaphid  trilobites,  but  as  the  Krekling  section  which 
I  visited  was  only  attainable  by  digging  I  can  say  little  else  about 
them.     Above  these  come  tlie  30  feet  of  shales  2e  with  Dictyonema 
and  Bryograptus^  but  without  tiilobites,  and  these  seem  to  me  capable 
of  further  subdivision.     Unfortunately  I  have  no  detailed  knowledge 
of  the  difficult  group  of  branching  graptolites,  but  in  the  magnificent 
stream  sections  on  the  western  side  of  the  valley  a  little  south  of 
Krekliug  station  one  could  easily  recognize  time  mutations  in  the 
general  aspect  of  the  Dictyonema  in  the  different  beds.     The  earliest 
of  them  are  usually  ill  preserved,  and  I  could  obtain  no  specimens 
showing  the   proximal   end.      In  adult   stipes   the    cells    are  very 
indistinct,    and  rarely   project  more   than  about  a  quarter  of  the 
diameter  of  the  common  canal.     The  connecting-rods  seem  to  take  the 
place  of  cells,  and  though  thin  ai'c  very  numerous.     The  stipes  are 
usually  close  together  and  very  nearly  parallel,  they  branch  at  all 
sorts  of  levels,  and  the  resulting  mesh  has  the  form  of  somewhat 
elongated  rectangles  or  parallelograms.     Upwards  this  ancestral  type 
of  Dictyonema  seems  to  diverge  into  two  distinct  families,  the  one 
approaching  the  true  graptolites  {Dietyograptm),  while  the  other  seems 
more  nearly  related  to  the  Dendroids  {Bictyonefna^  Memu  stricto).     Of 
these   the  former   soon  develops  well-marked   cells,  which,  though 
a  trifle  in'cgular,  tend  to  become  uniserial,  and  so  come  into  agreement 
with  the  early  graptolites,  while  in  the  latter  a  crinkly  longitudinal 
ornament  appears  upon   the  polj-pary,    and  the   cells  though  well 
formed   are   small   and   are    developed    spirally  at   angles  of   about 
120°.     AVith  this  divergence  in  the  cell  characters  of  the  adult,  wo 
are  able  to  trace  an  even  more  notable  change  in  the  character  of 
the  proximal  end,  for  whereas  the  Bictyograptus  forms  develop  like  a 
fisherman's  net  from  a  sicula  of  no  great  length  with  primary  branches- 
diverging  at  an   angle   rarely   greater  than  90°,   the   Dictyonemus 
grow  basket-like  from  a  long  narrow  tube  or  nema,  and  diverge  at 
angles  which  in  the  later  forms  approach  160°.     The  character  of 
the  crossbars  also  alters,  for  while  in  Bictyograptus  their  develop- 
ment is  ever  more  and  more  delayed  until  they  become  practically 
abortive,  in  Bictyonema  their  importance  increases,  and  the  general 
aspect   of  the  later  forms  is  that  of  a  square  or  rhomboid  mesh 
in  which  crossbars  and  stipes  are  of  approximately  equal  importance. 
Branching  in  both  families  appears  to  tend  to  dichotomy  at  regular 
intervals,  and  hence  the  later  Dictyonemas  and  Dictyograptids  are 
very  flabelliform.     So  far  as  one  can  judge  the  specimens  figured  by 
Brogger  as  Bictyograptus  Jiahelliformis  come  a  little  more  than  half-way 
up  the  scries  at  Krekling.     They  tend  rather  to  the  Bictyograptus 
than  to  the  Bictyonema  family,  and  as  shown  in  the  original  figure 
exhibit  well-marked   cells  on    the  outer   stipes  of  the   net     The 
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mutation  D,  norvegiciUy  on  the  other  hand,  seems  to  be  a  comparatively 
late  form,  and  shows  nearly  all  the  features  of  a  well-marked 
Dendroid.  At  a  horizon  very  near  the  place  of  Dictyograptua  flabeUi- 
formii  true  graptolites  without  crossbars  appear  among  the  liictyoncmas, 
and  as  we  pass  up  form  an  ever- increasing  proportion  of  the  graptolitic 
content  of  the  shales.  Curiously  enough,  tiieso  true  graptolites,  which 
may  for  the  present  be  alluded  to  as  Bryograptm,  though  intimately 
interlaminated  with  Dictyonema  or  Dictyograptus^  ai'e  hardly  ever 
seen  upon  the  same  bedding  plane,  and  it  would  almost  seem  as  if 
they  flourished  under  slightly  diflterent  conditions.  Dictyonema  and 
Dictyograpius,  though  gregarious,  are  also  to  some  extent  exclusive 
towards  each  other. 

Above  the  Dictyonenia  beds  are  the  calcareous  shales  and  limestones 
with  Symphysurui  incipiens,  Sa  a,  which,  though  grouped  by  Brugger 
with  the  Ceratopygekalk,  would  be  included  in  the  A  beds  in  Sweden. 
They  mark  a  vast  change  in  the  character  of  the  sedimentation,  and 
iience  the  fact  that  Asaphids  are  quite  as  abundant  as  the  Olenids  is 
not  surprising.  The  overlying  Ceratopygeskiffer  Sa/B,  which  shows 
«  temporary  return  towards  Alum  Shale  conditions,  contains  a 
Ceraiopyge  fauna,  but  the  finding  at  Gjeitungholmen  of  a  slab  from 
this  division  showing  Dictyonema  and  Bryograptus  on  the  one  side  and 
Skumardia  on  the  other  convinces  me  that  it  is  really  a  passage  scries 
between  A  and  B. 

In  Sk&ne  the  Dieiyograptus  beds  like  the  Acerocare  zone  below  are 
lithologically  again  a  part  of  the  Alum  Shales.  At  Sandby  (near 
Lund)  in  the  western  district  the  Acerocare  zone  is  subdivided  by  the 
Swedish  geologists  (SI  and  S 6)  into  {c)  bed  with  Paraholina  heres, 
(h)  bed  with  Paraholina ^megalopsy  {a)  bed  with  Paraholina  acanthura 
and  A,  ecome,  while  at  Akarpsmolla  an  additional  higher  subzone 
{d)  with  Acerocare  =  Cyclognathua  micropyge  is  also  distinguished. 
In  the  bed  (b)  I  was  able  to  obtain  a  few  fragments  of  Megalaspid 
tftilsy  anil  in  certain  fine-grained  orstens  ^  of  {c)  such  occurrence  is  not 
zare.  Above  this  Acerocare  zone  come  the  shales  and  pyritous  orstens 
with  Dictyonema,  not  over  well  preserved,  but  quite  like  the  Dictyonema 
of  the  lowest  2e  of  Kristiania.  This  bed  has  the  further  interest 
that  it  has  yielded  to  Moberg  (S3)  Lingula,  Acrotreta,  Megalaspid 
fragments,  and  a  trilobite  Hyftterolenus  Tornquisti,  *' which  is  inter- 
mediate between  Ceratopyge  and  Dikellocephahu  on  the  one  hand  and 
Niohe  and  Megalaspis  on  the  other."  At  Pagelsdngsbeck  (S  2),  a  mile 
nearer  Lund,  the  section  is  continued,  with  what  omission  I  cannot 
tell.  There  the  lowest  bed  seen  is  a  black  Alum  shale  with  well- 
preserved  ChnograptiM  flexilia,  etc.,  and  fine  large  Ohoklla  Salter i. 
Some  seven  feet  above  this  certain  much  weathered  shales  show 
laminae  crowded  with  coarse,  square- meshed,  strongly-barred  Dictyonema 
like  D.  norregica  (and  as  such  identified  by  Moberg),  alternating  with 
ill-pieserved  Bryograptids.     Large  orstens  associated  with  these  shales 

*  The  name  *  orBten '  is  applied  by  the  Swedes  to  the  highly  crystalline  bitumen- 
betxing  concretions  which  occur  among  the  Alum  Shales.  These  are  the  Stinkstein 
nr  Stnkkalk  of  the  Grermans.  They  have  been  formed  not  long  subsequently  to 
Ike  toM  of  the  deposition  of  the  shales,  and  often  contain  many  beautilully  presoryed 
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appear  to  be  uDfossiliferous.  Half  a  mile  further  up  the  same  stream, 
however,  greyer  shales  containing  a  multitude  of  crushed  Bryograptids 
{B,  Kjerulfi)  alternate  with  thin  bands  of  impure  limestone  containing 
Shumardia,  and  are  seen  to  underlie  the  Ceratopygekalk  (C). 

In  Eastern  Sk&ne  (S  10)  the  Dictyonema  beds  are  better  exposed, 
and  at  Flagabro  the  gradual  mutation  of  the  Dictyonema  type  along 
the  lines  suggested  at  Krekling  can  be  followed  in  all  details. 
The  usual  Dictyonema  in  Swedish  collections  seems  to  come  from 
Flagabro  and  are  of  the  true  Dicfyograptus  flahelliformiB  tj'pe.  At 
Gislofshammar,  south  of  Simrishamn,  the  section  is  mostly  under 
the  sea,  but  the  beach  material  thrown  up  provides  beautiful  late 
Dictyonemas  of  a  basket-work  type  interbedded  with  Clonoffraptm^ 
in  addition  to  all  the  types  seen  at  Flagabro.  At  Jerrestadt  1  was 
able  to  find  *the  bed  with  Clonograptus  flexilis,  also  that  with 
Dictyonema  norveyica,  but  was  most  interested  in  finding  an  orsten 
within  the  Acerocare  zone  which  was  full  of  Niohe  and,  I  think, 
Symphysurtis  also.  At  Andrarum  (S  9)  the  main  section  stops  at  the 
Paraholina  heres  zone,  but  in  the  stream  bed  below  the  Pannhusset 
I  had  the  good  fortune  to  find  a  fine  orsten  containing  an  early  type 
of  Dictyonema  together  with  MyiteroUfius. 

In  Gland  the  Dictyonema  and  Bryograptas  shale  succession  is  much 
reduced,  and  complete  only  in  the  extreme  south  (0  2  and  0  4).  The 
Acerocare  zone  at  the  top  of  the  Alum  Shales  is  nowhere  separated, 
but  exposures  ai'o  poor  at  this  horizon,  and  there  is  no  reason  to 
suppose  that  it  is  absent.  Dictyonema  shales  to  a  tjiickness  of  7  feet 
are  rocognized  along  an  outcrop  of  about  20  miles  in  the  south  of 
the  island.  The  ovlj  Dictyonema  1  could  find  arc  of  the  D.fabelliformii 
typo,  but  the  u])per  beds  with  abundant  Oholella  Salleri  contain 
broken  stipes  of  true  graptolites,  which  are  probably  Clonograptus,  and 
pass  up  to  about  G  feet  of  similar  shales  containing  brachiopods  and 
trilobites  which  continue  on  into  the  Ceratopygekalk  above.  North 
of  Borgholm  (0  5)  Dictyonema  occurs  in  certain  orsten  pebbles  and  in 
the  soft  shales  which  form  the  matrix  of  a  curious  phosphatic  con- 
glomerate which  is  fouud  there.  This  conglomerate  is  very  inconstant 
and  always  quite  thin  ;  it  rests  upon  and  among  sundry  remanie  orsten 
concretions  of  the  various  zones  of  Olenns  shales,  and  the  shaly  beds 
of  its  matiix  pass  gradually  up  into  3  or  4  feet  of  quite  ordinary 
Alum  Shales  with  orstens.  These  in  their  lower  part  contain  Obolut 
Saltcri  and  homy  brachiopods,  while  in  the  upper  is  the  Orthii 
Christiani  so  common  in  the  Ceratopygekalk.  Further  to  the  north 
Diciyonema  and  Obelus  shales  together  thin  to  less  than  20  inches. 
Cherty  bunds  with  thick- walled  Obolus  then  come  in,  and  the  whole 
passes  to  a  nodular  sandy  mass  quite  like  the  Obolus  ApoUinis 
conp;lomeratc  of  Dalarnc  (1)  1)  and  Westorn  llussia.  In  this  the  most 
northern  district  of  Gland  the  basal  Dictyonema  sliales  or  conglomerate 
transgresses  still  further,  and  rests  upon  the  denuded  but  unweathcred 
edges  of  the  lower  Ohnus  shales  and  the  Paradoxides  shales  and 
sandstone  (0  6).  ^^ 

In  Vester  and  Oster  Gotland  the  A  beds  are  again  incomplete,  but 
the  law  of  the  presence  or  absence  of  the  various  members  remains  to 
be  discovered.     I  find  no  record  of  the  occurrence  of  the  Acerocare 
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zone  within  these  provinces,  but  a  thin  bed  of  rather  barren  shale 
just  below  the  Dictyonema  zone  may  well  represent  it.  The  DictyO' 
iifma  zone  itself  also  is  rarely  seen,  but  its  absence  is  probably  due 
rather  to  subsequent  erosion  than  to  failure  of  deposition.  In  Vester- 
giitland  Dictyonema  shale  is  recorded  by  Linnarsson  (W  1)  at  certain 
places  around  Halleberg  and  Hunneberg,  but  most  unfortunately  I  was 
not  able  there  to  find  it.  At  Kelfva,  west  of  Mosseberg  (W4),  and  at 
Orreholmen,  near  Gerumsberg  (\V  5),  in  the  Fulbygdcn  district, 
however,  its  lower  membei*s  are  preserved  beneath  the  Ceratopygekalk. 
At  Kleva  the  highest  beds  seen  contain  the  largest  and  widest  meshed 
Dictyograptiis  I  have  ever  seen.  An  orstcn  among  the  shales  con- 
taining this  is  described  by  Yon  Post  ^  as  including  a  bedding  plane 
with  abundant  glauconite,  but  this  I  did  not  notice. 

In  the  Berg  or  Vreta  Kloster  district  of  O.stergotland  (El)  there 
are  several  fine  exposui*es,  and  at  Storberg  not  less  than  13  feet  of 
Dietyotiema-hGQx'm^  shales  are  seen.  Here  the  Acerocare  beds  seem 
to  be  actually  missing,  and  a  bed  of  calcareous  or  cherty  sandstone 
with  fragments  of  thick-walled  Obolus  and  up  to  a  foot  in  thickness 
separates  the  Diciyonema  beds  from  PelturaAiCdiTmg  orstens.'  The 
Dictyonema  beds  seem  fairly  complete,  and  the  highest  beds  contain 
stipes  of  true  graptolites  along  with  Dictyonema,  These  beds  are 
worked  along  with  tbe  underlying  Olenus  shales,  and  contain  sufficient 
bitumen  to  be  quite  useful  for  fuel. 

In  Xerike  the  Dictyonema  beds,  shales,  and  associated  sandstones 
appear  to  be  absent. 

From  the  drift  of  Gefle  and  Upsala,  Wiman  (B  1)  has  obtained  many 
blocks  of  0^p//«-bearing  sandstone  comparable  with  the  Oholus  con- 
glomerate of  Gland.  Here,  however,  it  is  truly  conglomeratic,  contains 
much  glauconite  and  some  phosphate  nodules,  and  has  a  limestone 
matrix.  With  it  are  associated  bouldei's  of  certain  shales  containing 
stipes  of  graptolites,  Shumardia,  and  also  Ilyderolenus  Tornquiati  (B  2). 

lu  the  Lake  Siljan  district  of  Dalamc  the  Oholua  sandstone  described 
by  Tiimquist  (Dl)  from  Vicarby  and  Klitterberget  may  probably  be 
referred  here.  It  is  now  well  seen  in  the  railway  cutting  half-way 
between  Kettvig  and  Vicarby.  There  it  has  a  thickness  of  from 
3-7  feet,  and  consists  of  fresh  chips  of  (quartz  felspar  and  mica 
with  angular  granite  pebbles  and  a  kaolin  matrix.  It>s  cement  is 
calcareous,  and  it  rests  upon  an  irregular  surface  of  granite,  which 
shows  contemporaneous  weathering,  affecting  different  grades  of  rock 
so  differently  that  the  depth  of  weathered  rock  varies  from  two  inches 
where  the  rock  is  aplitic  to  as  many  yards  in  the  coarse-grained 
granite.  Of  fossils  Obelus  Apollinis  occurs  in  great  multitudes,  but 
other  species  are  indeterminate. 

ji  Subaqueous  Unconformity. — At  the  close  of  the  Dictyonema  shale 
period  sedimentation  over  the  eastern  portion  of  Scandinavia  must 
have  become  discontinuous,  and  in  certain  places  may  at  times  have 
been  replaced   by    erosion.      Of    actual    uplift    with  its   attendant 

1  G.F.F.S.,  November,  1906. 

'  Wiman  (E*2)  at  Vestand  describes  a  similar  sandstone  bed  2-08  m.  in  thickness 
interlaminated  with  J^ic^yo/iri/m-beurinsi;  shales. 
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following  of  overlap  and  unconformitj  there  is  little  evidence, 
but  a  close  inspection  of  the  phenomena  presented  by  the  beds  B, 
Glauconitc  shale  and  Ceratopygekalk,  will  convince  the  most  sceptical 
that  none  of  the  happenings  which  we  generally  associate  with 
spasmodic  subaqueous  erosion  are  missing.  We  have  noted  that 
the  \ipper  Dtcft/onema  series  is  complete  only  about  Kristiania 
and  in  SkSne,  and  that  passing  thence  north-eastward  its  thickness 
decreases  often  to  zero,  the  highest  beds  being.,  the  first  to  go. 
Further,  we  have  seen  that  though  in  North  Gland  and  Oster- 
gotland  some  part  of  the  series  reappears,  it  is  always  associated  with 
a  sandy  or  conglomeratic  phosphate  bed  containing  fragments  of  all 
manner  of  older  Cambrian  and  even  Pre -Cambrian  rocks,  and  shows 
therefore  a  passage  towards  the  Oholus  conglomerate  facies  of  Dalame 
and  Western  Russia.  The  manner  of  this  change  is  well  brought  out 
by  the  section  through  the  Cambrian  and  Cer atopy ge  rocks  of  Gland 
(Plate  VIII)  which  I  have  plotted  partly  from  the  records  contained 
in  the  new  Swedish  Geological  Survey  Memoirs  of  the  Island 
of  Gland  (0  1-6),  and  partly  from  my  own  observations.  This 
section,  though  fairly  true  to  scale,  has  a  vertical  scale  about  1260 
times  the  horizontal,  and  it  will  therefore  be  readily  understood 
that  in  the  field  all  dips  are  imperceptible,  and  that  quite  the  most 
remarkable  feature  of  the  unconformity  is  the  thinness  and  extra- 
ordinary regularity  of  the  beds  affected.  Most  unfortunately  the 
south  end  of  the  island  of  Gland  just  fails  to  contain  an  area  of 
continuous  deposition,  but  from  the  fact  that  at  Ottenby,  as  shown  by 
Moberg  (G  4),  shales  above  and  below  the  surface  of  discontinuity 
contain  identically  the  same  fauna,  it  must  follow  that  the  time  value 
of  the  discontinuity  must  there  be  reduced  almost  to  zero. 

B.    The  Glauconite  Shales  and  Ceratopygehalk. 

Returning  now  to  areas  of  continuous  deposition,  we  notice  first  the 
Ceratopyge  shale  (Broggef  s  3(7/3)  about  Kristiania.  This,  as  already 
mentioned,  is  in  its  lower  part  an  Alum  shale  with  orstens,  but  upwards 
becomes  greyer  and  more  calcareous.  Its  thickness  is  some  16  to  20 
feet.  Its  lowest  beds  with  their  brachiopods,  BryograptuM  and 
Paraholina  have  been  already  considered  with  the  Dictyonetna  and 
Bryograptui  shales.  Its  middle  beds  also  yield  Bryo^rapiw,  but 
with  it  abundant  Shumardia,  Agnostus  Siedenhladhi,  Euloma^  and 
Ceratopyge^  while  the  higher  nodular  shales  and  limestones  rich  in 
Triarthnis  Angeltni  seem  otherwise  quite  indistinguishable  from  the 
overlying  Ceratopygekalk.  The  Ceratopygekalk  Say  consists  (K2) 
of  five  or  six  beds  of  a  bluc-gi*ey  nodular  limestone,  together  about 
4  or  5  feet  thick.  It  is  now  rather  diflScult  to  work,  but  I  was  able  to 
prove  for  myself  the  existence  of  Niohe,  SymphysuriM,  and  Megalaapis 
in  some  beds,  and  of  Ceratopyge^  Euloma,  and  Shumardia  in  others. 
The  late  Tremadoc  genera  (British),  such  as  Cheintrus^  Dikellocephaluij 
and  JJolometopus  {Ampyx),  are  also  recoi-dcd  from  this  horizon,  though 
not  mentioned  in  the  zone  Za  fi  below.  As  compared  with  other 
Scandinavian  Ceratopygekalk,  '6a  y  of  Kristiania  is  remarkable  for 
its  small  content  of  glauconite,  which  here  occurs  only  in  streaks  and 
lines  with  the  shale  partings  between  the  nodules  of  the  very  highest 


W.  O.  Fearnsides — Lower  Ordovician  JRocks  of  Scandinavia.     265 

"beds.  The  "  Korrosionsgruppar,'* '  or  Erosion  -  pocketing,  to  be 
described  later,  also  is  not  much  in  evidence.  Sa  7  gives  place 
upwai-d  rather  abruptly  to  the  nodular  grey  shales  of  the  Phyllo- 
graptus  shale  3^. 

In  Sk&ne  Ceratopygekalk  is  verj"  indifferently  exposed,  and  is  now 
known  with  certainty  only  at  the  mill  dam  close  to  F&gels&ng 
(S  2  and  C).  There  separated  from  baked  Pfif/lloqroptus-heariug  shales 
by  a  little  sill  of  rotten  diabase,  some  three  or  four  beds  of  decayed 
and  very  ferruginous  but  once  crystalline  limestone  alternating  with 
shales  conbiining  sheared  liryograptus.  Both  limestone  and  shales 
eontain  Ceratopyge  and  Shumardia,  and  pass  down  into  the  Bryograptus 
Kjerulfi  shales  mentioned  as  containing  the  Bictyonema  norvegiea  above. 
A  similar  limestone  mentioned  by  Linnai-sson  &  Hoist  (S  10)  as 
occurring  at  Jerrestadt  mill  in  East  Skane  is  no  longer  visible. 

In  all  other  Swedish  districts  the  failure  of  the  sediment  supply  has 
left  the  Ceratopyge  beds  more  or  less  incomplete,  and  only  in  South 
Gland  do  we  find  any  further  certain  representatives  of  Brogger's 
Zap  oi  Kiistiania.  It  is  possible  that  similar  beds  were  really 
deposited  over  the  greater  part  of  Gland  and  Vestergotland  and 
Ostergutland,  but  if  so  must  have  been  caught  up  again  almost 
immediately,  and  the  succeeding  glauconitic  division  can  be  seen  to 
rest  variously  upon  Ceratopyge  shale  and  Bictyonema  shale,  and 
upon  the  Acerocare,  the  Peltura,  the  SpharophthalmuHy  and  the  Orthis 
lenit'cularis  zones  of  the  Alum  Shale.  In  these  districts  glauconitic 
shales  and  Ceratopygekalk  together  are  never  more  than  6  or  7  feet 
thick,  yet  have  a  distribution  which  is  almost  universal.  Despite  their 
thinness,  their  variations  in  lithological  character  are  multitudinous 
and  so  complex  in  their  details  that  they  defy  further  classification. 
As  a  whole  the  beds  are  characterized  by  the  presence  of  a  large 
proportion  of  glauconite  grains  and  by  the  strange  method  of  bedding 
which  has  been  termed  **Korrosionsgruppar,"*  or  Erosion-pocketing 
(see  Plate  IX).  The  matrix  of  the  glauconite  varies  from  shale  quite 
comparable  with  the  Alum  Shales  to  a  limestone  of  the  purest  whiteness, 
and  the  glauconite  though  sometimes  absent  may  be  present  in  any 
proportion.  As  a  rule  the  lower  beds  are  more  muddy  and  the  upper 
more  calcareous,  but  either  upper  or  lower  groups  may  be  entirely 
absent.  Whenever  the  glauconite  is  very  abundant  it  is  usually 
associated  with  knobs  or  nodules  of  brown  phosphate  ranging  up  from 
the  size  of  a  pea  to  the  size  of  a  walnut,  whose  unworn  surface 
contrasts  strongly  with  the  lustrous  black  or  gi'ccn  of  the  grains  of 
glauconite.  Pyrites  in  well-formed  cubes  or  pentagonal  dodecahedra 
in  single  crystals  or  in  shapeless  lumps  is  also  rather  a  feature  of  the  bed. 
With  the  phosphate  nodules,  especially  at  the  base  of  the  series,  are 
day  galls  of  older  beds  and  angular  fragments  of  phosphatized  orsten, 
wiiich  in  some  cases  retain  recognizable  fossils.  In  places  where  the 
glauconite  comes  to  rest  upon  a  discontirnious  orsten  bed  the  shales 
between  the  individual  orsten s  have  usuallv  been  scoured  awav,  and 
the  interspaces  filled  up  with  angular  fragments  of  that  or  any  other 

*  J.  G.  Anderson,  **  Uber  cambrische  und  silurische  phosphorit-fiihrende  Gesteine 

Schweden  "  :  Bull.  Geol.  Inst.  Upsala,  vol.  ii  (1895). 
'  J.  G.  Anderson :  Bull.  Geol.  Inst.  Upsala,  1895. 
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orsten  bed  with  a  matrix  of  glauconitic  shale  or  limestone  contain  Id  g 
a  Ceratopyge  fauna.  Such  a  phenomenon  is  very  well  seen  at  Nya 
Dala  and  Kkedalen  in  Southern  Falbygden  (W  6),  at  Mosseboo  under 
Hunneberg  (W  6),  and  at  Borgholra  in  Central  Gland  (0  6).  At  Diila 
a  pair  of  fine  flat  orstens  some  7  feet  in  diameter  and  crowded  with 
Pi'liura  scarahaoides  were  seen  to  overlie  some  3-7  inches  of  glauconitic 
sliale  with  Or  (his  Christiani  for  a  length  of  about  6  feet.  At 
Mosseboo  the  upper  surface  of  a  calcareous  bed  with  SphiBrophthahnui 
is  so  brecciated  and  the  basal  Ceratopygekalk  so  dark  and  shaly  that 
the  line  of  junction  is  difficult  to  find  in  even  the  cleanest  of  hand- 
specimens.  Such  difficulty,  however,  is  most  unusual,  and  the  base 
of  the  Glauconiteskiffer,  however  irregular,  is  almost  always  clean- 
cut,  and  the  topmost  Alum  Shales  so  little  weathered  that  either 
in  soft  shale  or  hard  orsten  the  Alum  Shale  fossils  are  preserved  and 
recognizable  within  u  twentieth  of  an  inch  of  the  boundary.  All  these 
characteristics  of  the  Glauconito  shale  and  Ceratopygekalk  it  shares 
with  most  Greensand  deposits,  and  especially  with  such  formations  as 
the  Cambridge  Greensand,  which  follows  a  period  of  subaqueous 
erosion.  The  phenomenon  of  Erosion-pocketing  or  Korrosionsgruppar 
is  more  peculiar,  and,  so  far  as  I  can  learn,  almost  unique  among 
known  sedimentaiy  rocks.  It  is  undoubtedly  an  erosion  phenomenon, 
and  as  such  is  difficult  to  describe.  It  has  been  already  discuss<;d 
by  Andei-son  in  his  well-known  monograph  of  the  Phosphate  deposits 
of  Sweden,'  but  no  English  notice  of  it  seems  to  have  appearetl,  and 
no  satisfactory  explanation  of  its  mode  of  formation  is  forthcoming. 

The  most  striking  museum  specimens  of  Korrosionsginippar  are 
obtained  from  the  base  of  the  Glauconiteskiffer,  where  the  rock  is 
sufficiently  calcareous  to  hold  together,  and  rests  upon  a  bed  of  orst<?n 
or  Alum  Shales  also  tirm  enough  not  to  be  friable.  Such  a  spccimeu 
from  Ulunda  in  Falbygden  is  depicted  on  Plate  IX  in  Figs.  1  and  2, 
which  show  photographs  of  two  sides  of  the  same  block  taken  at  right 
anjjles.  The  tigures  are  photo};raphed  natural  size.  The  lower  part 
of  the  block  is  a  homoj^eneous,  fine-grained,  and  somewhat  earthy  orsten 
of  the  Feltiua  zone,  and,  as  is  well  shown  by  the  pliotograph  of  the 
under-surface,  Fig.  ;3,  and  by  the  projecting  lines  of  trilobite  fragments 
seen  in  Fij^s.  1  and  li,  retains  its  bedding  quite  undisturbed.  The 
junttion  with  the  glauconitic  Ceratopygekalk  is  absolutely  shaq),  but 
(|uite  irregular,  and  it  may  be  seen  that  the  irregularities  are  produced 
by  a  process  of  pitting  rather  than  of  grooving  or  moulding.  The  pits 
are  generally  round  or  oval  and  rather  pocket- shaped,  but  never  more 
thau  an  inch  or  two  deep,  and  though  their  mouths  may  vary  from  the 
size  of  a  lead  pencil  to  that  of  a  live  shilling  piece,  the  diameter  near 
the  button!  is  rarely  bigger  thau  a  sixpence.  The  sides  of  the  pits  may 
be  vertical,  sometimes  slightly  overhanging,  but  they  are  more  often 
intlined  one  towards  the  other  downwards,  and  the  depth  is  by  no 
means  j)roi)ortional  to  the  diameter  of  the  opening.  The  bottom  of 
the  lioles  is  usuallv  sonu^what  rounded,  and  is  olten  almost  hemi- 
sjilicrical.  In  general  the  lip  of  the  pit  is  rounded,  but  in  some  cases 
sides  of  adjoining  pits  meet  in  a  cusp  whose  solid  angle  may  be  only 
some  30^,  but  in  such  cases  I  think  that  the  pits  must  be  of  different 

i  Lull.  Geol.  Inst.  Upsula,  1895. 
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ages,  and  that  the  first  one  heing  huricd  in  scdinicnt  the  superposition 
of  the  second  over  a  part  of  the  site  of  the  first  must  be  accidentiil. 
As  now  ohserved  the  neighbouring  pits  occur  so  close  togotlicr  that 
over  a  district  which,  despite  the  nivagcs  of  denudation,  still  measures 
some  500  miles  from  north  to  Fouth  and  250  from  east  to  west,  it  is 
rare  to  find  a  horizontal  distance  of  more  than  a  few  inclies  without  its 
pit.  That  at  any  instance  durinp:  their  formation  the  ])its  were  so 
close  as  this  is  not,  however,  clear,  and,  when  one  considers  the  vast 
thicknesses  of  correspondingly  coarse  material  which  were  accumulated 
during  the  period  of  the  GlHUConiteskiffer  and  Ceratopygekalk,  is  not 
probable.  The  infilling  matter  of  the  pits  is  almost  always  glauconite- 
bearing,  and  whether  the  matrix  be  soft  shale  or  hard  limestone  it  is 
noticeable  that  larger  glauconite  grains  and  rolled  fossil  fragments  lino 
the  bottom,  while  smaller  glauconite  grains  and  matrix  fill  up  the  rest 
of  the  hollow.  In  this  description  I  have  hitherto  only  mcjntioned  the 
Erusion  pockets  or  Korrosionsgruppar,  which  occur  at  the  surface  of 
•separation  between  the  glauconite  group  and  Alum  Shales  below. 
There  the  phenomenon  is  undoubttrdly  most  easy  to  follow,  but 
throughout  the  Glauconite  shale  and  Cenitopygekalk  each  and  every 
bedding  plane  which  camcs  glauconites  shows  also  Erosion  pockets. 
The  OrihoceraB  limestone  also,  where  glauconitic,  continues  the  same 
phenomenon  on  a  more  limited  scale,  and  even  whei*e  not  glauconitic 
certain  of  its  beds  show  a  Korrosionsgruppar  (or  pocket  erosion) 
arrungement  of  the  coarser  fragments  in  holes  bored  into  more 
homogeneous  material.  Within  the  Ceratopygekalk  bedding  planes 
witii  Korrosionsgruppar  occur  so  abundantly  and  near  together  that 
the  successive  lamime  interlock  verj'  intimately,  and  a  considerable 
thickness  of  this  slowly  formed  rock  is  rendered  (juite  thick-bedded 
and  massive  in  appeamnce.  A  fn^slily  broken  block  from  such  a  rock 
has  the  aspect  of  a  photograph  of  a  gravel-pit  when?  tlie  gravel,  onco 
ealcareous,  has  suffered  loss  by  solution,  and  has  sagj^rd  down  into 
the  pipes  so  common  under  those  eireumstanies. 

EXPLANATION   OF    I'LATKS.^ 

PukTE  VIII. — Gencmlized  sictiun  alon*:  tlio  wi*<t  ctuj^t  of  tlio  I-l;in(l  nf  Olaiul, 
showing  the  uetuid  ?uwcjij<ion  and  iiuitunl  nhition^ihijH  Mt  tin-  vaii'nu*  ^*ub- 
dlvi<ions  of  the  Cuiiibriaii  and  'J'D'ma(l«)o mrks  ilun; txposvil.  A-.tiisil  ob^Tvation 
points  are  in(iicate<l  by  ^ulid  liiu';^. 

Plate  IX. — Eross^m  po.:kets  or  *  Korrofion^^rnippar  '  at  the  Iki^c  nl  the  Treiiiadoc 
Series  of  Ve*itt.'p^'(itlau«l. 

Fig.  1.  Xorthtrn  taoe  of  a  blix'k  ^liowiii;:  tin.'  iin  ::i:lar  bomulary  bctwcpii 
calcareous*  glauconitic  shale  with  Orthis  r/t,i,<f(i<nn,  l-lnU,,ii>f,  Xmk,  itc,  and  au 
eTen-1)edded  orstvn  of  the  rvifuni  scinafnri/idrs  z«'in'. 

Fig.  2.  \Vest4,Tii  fare  of  tin*  s:i!M'.-  I)lni>k  showiir^  •similar  ])hfn<Mnpna.  Note 
here  the  sharp  casp  at  the  uorthiMii  ('riijrbt-liand;  tihl  of  buuudai y-linf  due  to  the 
intersection  of  erosion  jHuikets  of  ditb  n-nt  a;;ts. 

Fijr.  3.     Und«T-surfaj:f  of  ^amo  l)lock  ^li«>\\iiiir  ijoimI  In  ad-;.  »t'.,  of  I\Unnt 
srarabaoidffi  undi.sturb<^d  by  tho  piiXM >m-^  nf  (rn*i'»n  wliich  lja\«'  luoducid  the 
adjnininj^  Korronionsgrupi'ar. 
The  block,  three  surfact-s  of  wbirb  an^  lure  •l«.'|>ict«-d  natural  ^i/o,  wn-^  i-oll^rtrd  at 
riuiida  Stenbrot,  about  one  niib*  east  «•!  the  ihuitli  of  Vanilitnis  Klojst*  r,  Venter- 
gotland. 
*  Plate  X  will  appear  with  the  (M.)nrlu-i.in  of  this  paper  in  tlie  July  Nunibt  r. 

[To  ht  com-i'tdiii  in  o"r  )njcf  numhti'.) 
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IT. — NoETH  NoBPOLK  Geology  :  The  Chalk  and  its  Disrx)CATiox. 
By  Sir  IIenrt  H.  Howorth,  K.C.I.E.,  F.R.S.,  F.G.S. 

IN  venturing  to  offer  some  further  criticisms  on  the  interpretation  of 
the  phenomena  presented  by  Norfolk  geolog}'  published  in  the 
memoii's  of  the  Geological  Survey  and  elsewhere,  I  may  state  that 
these  criticisms  are  the  result  of  several  visits  to  the  county  in  which 
I  have  either  drawn  or  made  detailed  notes  of  nearly  every  critical 
section  along  the  coast. 

Another  visit,  in  which  I  have  recently  traversed  many  miles  of 
country  and  revisited  many  important  sections,  has  greatly  strengthened 
the  views  already  published  by  me  in  previous  papers,  and  has  made 
me  more  than  ever  dubious  of  the  greater  part  of  the  theoretical 
explanations  of  the  local  phenomena  contained  in  these  memoirs'. 

I  have  said  before,  and  I  wish  now  to  ixjpeat,  that  the  frailty  of 
much  of  this  official  work  has  been  largely  due  to  the  fact  that  in 
East  Anglia  and  Essex  the  Geological  Surveyors  have  been  so  badly 
equipped  financially  by  the  Treasury  for  the  work  they  have  been 
expected  to  do,  and  which  cannot  be  done  efficiently  until  a  great  deal 
of  experimental  bonng  and  other  expensive  modes  of  testing  the 
surface  beds  away  from  the  coast,  below  as  well  as  on  the  surface, 
have  been  carried  out,  for  which  funds  have  not  been  available.  To 
map  the  superficial  facies  of  a  vast  area  like  Norfolk  with  no  other 
guides  to  the  surface  beds  than  casual  exposures  in  marl-pits  or  gravel- 
pits,  most  of  which  are  mere  shallow  scrapings  of  the  skin  of  the 
soft  strata,  is  utterly  futile,  except  as  a  tentative  proceeding,  and  it 
is  misleading  beyond  measure  when,  with  no  better  guides  to  the 
distribution  of  these  beds  and  of  their  possibly  disturbed  or  undisturbed 
conditions  than  can  be  got  from  such  accidental  and  adventitious 
exposures,  far-reaching  theories  and  explanations  are  published  under 
official  sanction. 

This  only  accounts,  however,  for  a  part  of  the  mischief.  I  cannot 
help  regretting  that  both  in  regiird  to  the  accessible  facts  and  in 
regard  to  the  discussion  of  the  theoretical  inferences  the  memoirs  in 
question  are  so  inadequate.  It  ought  not  assuredly  to  have  been  left 
to  a  foreign  geologist  to  first  explain  the  succession  of  the  English 
Chalk,  including  that  of  Norfolk,  nor  to  two  amateurs  with  only 
casual  o])portunitics  to  first  give  a  detailed  and  masterly  zonal 
classirt cation  of  the  same  beds,  nor  to  Mr.  Brydone  to  first  give  us 
the  necessary  materials  for  adequately  discussing  the  problem  of  the 
Chalk  blulfs  at  Trimingham. 

Again,  it  is  very  unfortunate  that  in  regard  to  the  boulders  of  the 
Norlolk  diift  so  little  material  should  be  given  us  in  the  Survey 
Memoirs  for  discriminating  the  original  sources  of  the  stones,  the 
distribution  and  relative  proportions  of  the  different  varieties  in 
different  districts,  and  especially  the  sorting  out  of  the  rolled  and  the 
unrolled  boulders.  It  is  also  a  pity  that  in  analyzing  problems  like 
those  connooted  with  the  drifts  of  Norfolk  a  more  systematic  effort 
should  not  have  been  made  to  ascertain  rather  more  carefully  from 
the   very  intelligent   fishermen   the   nature   and   constituents  of   the 
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adjacent  sea-bottora,  and  that  on  the  other  hand  in  dealing  with  the- 
question  of  the  origin  of  the  local  beds  so  much  reliance  should 
haTe  been  placed  upon  the  foreign  stones  in  the  shingles  on  the 
shore  insteail  of  those  in  the  dc^posits  inland,  for  1  am  more  than  ever 
convinced  that  a  great  proportion  of  the  foreigners  in  the  shingles, 
especially  the  so-called  Scandinavian  boulders,  are  derived  from  ballast, 
either  from  wrecks  or  discarded  from  ships,  and  are  entirely  misleading 
in  their  testimony. 

In  regdrd  to  the  theories  which  abound  in  the  memoirs  of  the- 
Geolo«:ical  Survey  dealing  with  Xorth  Norfolk,  and  which  have 
proTed  a  snare  to  many  credulous  people,  1  hold  that  they  are  for 
the  most  part  quite  out  of  place  there.  Theories,  especially  highly 
polemical  theories,  ought  to  find  a  place  in  the  private  publications 
of  the  Geological  surveyors  and  not  in  Government  publications  where 
we  want  facts.     We  can  draw  our  own  inferences. 

Can  anything,  in  fact,  be  more  disconcerting  than  to  find  the 
President  of  the  Geological  Section  at  last  year's  meeting  of  the  British 
Association  (himself  a  prominent  member  of  the  staff  of  the  Geological 
Survey)  completely  discarding  the  theory  of  interglacial  periods  which 
forms  the  keynote  of  the  explanations  of  the  Norfolk  diifts  in  the 
memoirs  of  his  own  colleagues,  3fr.  Horace  Woodward  and 
Mr.  Clement  Keid,  and  which  is  adduced  quite  confidently  as 
well-established  in  their  descriptions  of  these  beds.  It  is  perfectly 
plain  that  if  Mr.  Lamplugh's  address  contains  sound  reasoning  on 
this  subject  the  theoretical  explanation  of  the  surface  geology  of 
East  Anglia  contained  in  the  Survey  Memoirs  ought  to  be  revised 
as  soon  as  possible,  for  these  theoretical  conclusions  are  no  longer 
tenable. 

That  Mr.  Lamplugh  is  right  in  his  views  about  interglacial  beds 
I  have  no  doubt.  The  only  complaint  I  have  to  make  is  that  it 
should  be  so  belated.  The  conclusions  which  he  now  publishes  as 
if  he  was  the  first  to  generalize  in  their  sense  have  been  pressed 
for  thirty  years  in  many  papers  and  two  big  works  by  one  Ho  worth. 
None  of  these  publications  are  noticed  in  his  address,  which  contains, 
by  the  way,  a  good  many  references  to  obscure  foreign  memoirs  on  the 
subject,  which  took  me  much  time  to  find,  and  which  appear  in  it  as 
if  they  had  not  been  previously  discovered  by  other  people.  It  is 
more  to  the  point,  however,  that  Mr.  Lamplugh  should  have  been 
eoDstrained  by  the  force  of  the  evidence  to  discard  his  colleagues* 
Tiews  on  interglacial  beds  so  completely,  and  notably  those  of 
Mr.  James  Geikie,  the  autlior  of  the  Glacialists*  Bible. 

Let  us,  however,  proceed.  I  have  said  that  until  the  boring  rod 
Kaa  been  used  in  many  parts  of  Norfolk  and  Suffolk  we  shall  never 
know  what  the  true  history  of  the  later  geological  changes  in  these 
eonnties  has  been.  The  only  part  of  the  work  for  which  adequate 
material  is  in  fact  available,  until  a  great  deal  of  such  experimental 
digging  has  been  done,  is  the  mapping  of  the  coast  sections,  which  do 
ailfxrd  exceptionally  rich  materials  where  the  evidence  is  not  hidden  or 
distorted  by  the  occurrence  of  long  stretches  of  fallen  debris  forming 
a  sloping  talus.  This  talus,  however,  on  a  coast  where  the  sea  is  very 
aetxre  is  periodically  cleared  away,  and  fresh  clean  surfaces  are  therefore 
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bcinji:  daily  exposed,  so  that  every  part  of  the  coast  may  at  one  time 
or  other  be  critically  analyzed  and  mapped. 

The  heartbreaking  result  of  this  renewal  of  the  cliff  sections, 
however,  as  Mr.  Horace  Woodward  and  others  have  frequently 
deplored,  is  that  the  constitution  and  the  physical  arrangement  of 
the  greater  part  of  the  beds  in  question  differs  so  completely  at 
different  times  and  almost  in  every  yard  of  these  very  famous  cliffs 
that  no  section,  however  carefully  drawn,  is  of  more  than  ephemeral 
interest.  This  year  s  section  will  inevitably  be  of  no  use  to  us  as 
a  picture  of  what  the  kaleidoscopic  beds  will  be  like  when  a  fresh 
collapse  has  taken  place  and  two  or  three  yards  have  been  shaven 
off  the  front  of  the  cliff.  This  baffling  inconstancy  is  a  continual 
source  of  complaint  among  all  students  of  Norfolk  geology. 

It  is,  therefore,  quite  futile  to  generalize  from  any  particular  section 
without  taking  into  account  its  purely  transient,  temporary,  and  local 
character.  The  kaleidoscopic  feature  here  referred  to  does  not  apply 
to  the  whole  of  the  sections,  of  course,  but  only  to  their  loose  materials, 
to  the  clays,  loams,  gravels,  and  sands,  which  everywhere  overlie  the 
more  stable  depdsits. 

I  would  first  speak  about  these  latter  beds.  From  East  Runton 
to  the  great  shingle  beds  at  Weyboume,  where  the  cliffs  abruptly 
end,  the  chalk,  where  exposed  in  or  at  the  foot  of  the  cliffs,  is 
immediately  covered  by  a  remarkable  bed,  quite  unmistakable,  and 
occurring  quite  continuously,  except  in  certain  very  limited  lengths 
of  the  coast  where  it  has  been  forciblv  denuded.  This  bed  does  not 
seem  to  me  to  have  been  adequately  described  by  Mr.  Clement  lleid. 
Ho  says  of  it :  **  At  Weyboume,  and  wherever  the  surface  of  the  chalk 
can  be  examined,  there  is  nearly  always  a  bed  of  large  unworn  or  little 
worn  flints  at  the  base  of  the  Crag.  This  is  the  *  stone  bed '  of  Norfolk 
geoloj^fists,  but  it  does  not  necessarily  belong  to  any  one  horizon ; 
exactly  similar  beds  of  unworn  flints  are  now  being  formed  from  above 
high-water  mark  to  about  10  fathoms,  and  are  caused  merely  by  the 
wearing  away  of  the  soft  chalk.  The  *  stone  bed  *  is  not  formed  by 
the  subterranean  dissolution  of  the  chalk,  for  among  the  flints  we  often 
find  bivalves  in  the  position  of  life,  and  beneath  them  the  chalk  is  here 
and  there  bored  bv  Fholas  and  Saxicaray 

I  am  bound  to  say  1  cannot  think  this  description  quite  represents 
the  facts  as  I  have  seen  tliem  in  many  visits.  In  the  first  place,  to 
compare  this  continuous  bod  of  flints  overlying  the  chalk  with  the 
patclies  and  insular  areas  now  being  formed  on  the  foreshore  occupied 
in  some  cases  by  an  almost  continuous  pavement  of  paramoudras  and  in 
othf^rs  by  a  similar  pavement  of  very  largo  unweathered  and  generally 
unbroken  flints  is  most  misleading.  The  greater  pait  of  the  flints 
in  the  continuous  beds  overlying  the  chalk  are  rounded  and  weathered 
or  ])roken,  and  it  does  not  contain,  except  very  rarely,  large  bizarre- 
shaped  flints  and  paramoudras,  but  consists  mainly  of  true  rounded 
boulders,  mostly  not  much  larger  than  a  ciicket  ball,  lying,  not  in 
a  kind  of  pavement,  but  hcterogeneously  mixed  and  forming  a  rude 
coni»lomerate,  in  which  the  contents  become  smaller  and  more 
rounded  as  we  travel  eastward  until  they  become  in  places  mere 
fine  p:ravel.     This  bed  ranges  from,  a  j^ard  or  more  in  thickness  to 
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a  few  inches,  and  is  bound  together  by  oxide  of  iron  into  its  normal 
condition  of  a  very  hard  tenacious  conglomerate.  It  seems  to  me  that 
in  its  continuity  and  in  its  contents  and  structure  it  differs  entirely 
from  the  insular  and  detached  areas  covered  with  unweathered  flints 
on  the  foreshore  with  which  Mr.  Clement  Keid  compares  it,  and  any 
theory  based  on  an  analogy  between  them  must  fail. 

Secondly,  I  cannot  agree  with  Mr.  lleid  that  this  bed  "  does  not 
necessarily  belong  to  any  one  horizon."     In  the  stretch  of  coast  I  am 
describing  it  is  an  absolutely  unique  feature,  which  catches  the  eye  at 
once,  from  the  contrast  between  its  dark  ochreous  colour  compared 
with  the  white  chalk  below  it  and  the  grey  clay  or  loam  or  sand 
above  it,  and  from  its  running  continuously  along  the  coast  separating 
the  clays  and  sands  above  from  the  chalk  below  and  forming  a  most 
unmistakable  horizon.     Indeed,  I  do  not  well  see  how  such  a  bed 
could  be  formed  at  any  other  horizon.     Its  great  peculiarities  are  the 
shells   it   contains  in  many   places   and  the   iron   oxide  which  has 
coloured  it  so  deeply  and  has  indurated  it  into  a  mass  of  *  hard  pan.' 
This  iron  oxide,  it  seems  to  me,  has  been  added  to  the  bed,  since  it  lay 
under  the  sea  when  its  shell  contents  were  accumulated,  for  it  could 
hardly  have  accumulated  in  it  when  it  was  submerged  and  washed 
continually  by  the  sea.     Its  accumulation  in  this  bed  is  merely  due  to 
the  fact  that  the  rain-water  has  percolated  through  the  Crag  and  drift 
sands  above  it,  whose  redness  and  yellowness  are  caused  by  the  iron 
oxide  they  contain,  and   that  the  flow  of  this  chalybeate  water  has 
been  stopped  by  the  chalk  which  has  filtered  it  and  compelled  it  to 
throw  down  the  iron  oxide  in  the  covering  layer  of  rounded  and 
broken  flints,  and  has  thus  accumulated  a  very  respectable  mine  of 
iron-ore  in  this  particular  bed.     This  condition  could  only  happen  at 
the  top  of  the  chalk,  and  it  seems  to  me  that  such  a  bed  where  it 
exists  as  it  does  here,  must  mark  very  clearly  the  hoiizon  separating 
the  chalk  from  its  covering  beds  of  more  or  less  porous  sand  and  loam. 
Thirdly,  while  I  do  not  dispute  the  fact  that  this  bed,  before  it  was 
saturated  with  iron  oxide,  lay  once  at  the  bottom  of  the  e^ca,  as  its 
contained  shells  clearly  show,  I  cannot  quite  understand  how  it  can 
have   resulted  from   the   mere   submarine  dissolution   of  the  chalk, 
which  must  be  a  very  slow  process  indeed,  except  when  it  is  being 
pounded  by  a  shingle  beach  and  must  be  very  largely  limited  to  the 
area  where  these  waves  act  and  not  reaching  the  laminarian  zone. 
Nor  can  I  quite  understand  how  the  rolled  and  broken  flints  in  it 
are  to  be  thus  explained.     Such  beds  as  have  clearly  resulted  from 
submarine  dissolution  and  still  remain  on  the  foresjhore  have  hanlly 
any  rolled  or  broken   stones  in  them,  but  the  gi'cat  uncouth  flints 
and  paramoudras  are  held  tight  and  do  not  move,  and  are  therefore 
not  rolled  or  broken  except  in  very  exceptional  cases. 

I  believe  myself  that  the  rounded  flint«»  and  occasional  quartzitcs  in 
this  bed  of  hard  pan  (as  I  will  call  it)  are  in  their  present  form  much 
older  than  the  shells  it  contains  and  were  rolled  or  broken  possibly  in 
the  time  of  the  lied  Crag  sea  or  perhaps  even  earlier,  and  that  the  bed 
in  question  must  have  a  veiy  different  origin  from  the  mere  submarine 
dissolution  of  the  chalky  matrix  of  the  flints.  This,  however,  is 
a  matter  which  must  not  detain  us  at  present. 
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Tlie  point  I  wish  to  insist  upon  is  that  this  bed  is  not,  as  Mr.  Kcid 
argues,  matched  by  similar  beds  at  other  horizons  elsewhere,  but  is,  on 
the  contrary,  a  unique  feature,  and  it  marks  most  graphically  for  us 
the  present  upper  limit  of  the  chalk  as  it  is  seen  in  the  clifPs  and  on 
the  forctihoro  and  maiks  also  the  base  of  the  Crag. 

This  hard  pun  is  remarkable,  as  I  haye  said,  for  containing  in  many 
places  a  large  number  of  bivalves.  Quite  a  large  proportion  of  these 
are  complete  valves,  and  a  large  number  again  have  both  valves 
united,  showing  they  are  still  in  sitik  in  the  position  of  life.  They  are 
jammed  in  among  the  stones,  and  are  most  clearly,  as  Mr.  !Reid  says, 
where  they  actually  lived.  This  again  shows  how  different  in  essence 
the  bed  is  from  the  insular  areas  of  flints  on  the  foreshore,  which 
contain  no  whole  shells  and  very  few  fragmentary  ones. 

It  is  perfectly  plain,  therefore,  that  since  this  bed  was  formed  out  of 
rolled  materiiils,  etc.,  and  since  it  was  lying  at  the  bottom  of  the  sea 
in  a  quiescent  conditiofi  (otherwise  the  shells  would  have  been  reduced 
to  powder),  the  level  of  the  hard  pan  with  its  underlying  chalk  has  been 
entirely  and  forcibly  altered.  These  shells  could  not  clearly  live  at 
a  height  of  nine  or  ten  or  more  feet  above  high- water  mark  as  they 
now  occur  in  many  places  in  the  cliff,  but  must  have  lived  below  low- 
water  mark  where  the  so-called  laminarian  zone  of  marine  life  is  now 
found.  The  beds  have  clearly  been  thus  dislocated  in  the  latest 
geological  period. 

In  more  than  one  paper  on  the  recent  dislocation  of  the  chalk  in 
the  Eastern  Counties  published  in  the  Geological  Magazike  I  have, 
in  fact,  pointed  out  how  recent  and  how  very  potent  this  dislocation  of 
the  chalk  has  been.  JNo  evidence  of  the  fact  could  be  plainer  than 
that  to  which  I  am  now  drawing  attention.  For  a  long  distance  from 
the  cliff  end  at  AVeyboume,  as  far  indeed  as  near  Sheringham,  the  hard 
])an  and  chalk  are  now  several  feet  above  high- water  mark.  East  of 
Sheringham  the  chalk  with  its  covering,  after  sinking  for  a  short 
dii>tance,  is  again  raised  several  feet  above  high-water  mark.  It 
then  tiinks  down  again  to  the  level  of  the  shingle,  and  can  be  traced 
along  the  foot  of  the  cliffs  to  beyond  West  llunton.  This  level  of  the 
shingle,  again,  is  sevend  feet  above  the  level  of  the  laminarian  zone, 
60  it  is  quite  plain  that  from  the  end  of  the  cliff  at  Weyboume  at  least 
to  AVest  liunton  the  chalk  and  its  covering  have  been  raised  many 
feet,  or  rather  yai'ds,  since  the  shells  contained  in  the  hard  pan  were 
living,  which  means  since  the  greatest  part  of  the  living  mollusca 
existed  in  the  adjoining  sea. 

This,  again,  is  quite  plain  from  the  outline  and  structure  of  the  chalk 
beds  below  the  hard  pan.  Their  surfaces  are  in  places  meandering 
and  not  level,  and  in  places  they  are  arched  up,  as  shown  by  the 
curved  lines  of  the  flints  in  the  chalk,  and  as  figured  by  Mr.  Keid  in 
his  memoir.  At  intenals,  where  gaps  occur  in  the  cliffs,  and  their 
surface  sinks  down  to  that  of  the  shingle  beach,  the  chalk  for  a  while 
disappears,  as  at  AVeybourne  Mill,  Hithe,  etc.  In  these  cases  the 
chalk  has  either  disapj)cared  through  a  fold  forming  a  synclinal  dip, 
or  from  some  disconnection  and  complete  breach  of  a  more  violent 
kind.  Apart  from  this  the  level  of  the  chalk  gradually  sinks  to  a 
lower  point  as  we  move  eastwards.     East  and  west  of  Sheringham  its 
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surface  is  very  irregular  and  broken.  This  is  immediately  before  it 
disappears  entirely  from  the  cliff,  and  where  it  is  found  only  on  the 
shoi*e  at  its  foot. 

The  same  irregularity  in  the  surface  contour  of  the  chalk  and  the 
same  broken  and  dislocated  character  of  the  same  bed  is  found  in  the 
inland  parts  of  the  county,  as  has  been  shown  by  earlier  writers 
whose  observations  I  have  collected  in  a  previous  memoir. 

This  last  conclusion  is  attested  by  the  various  borings  for  wells 
which  have  been  sunk  in  Norfolk,  and  by  the  exposures  of  chalk  in 
chalk  and  marl  pits.  They  show  conclusively  that  the  level  at  which 
chalk  is  reached  in  sinking  varies  very  greatly,  and  varies  in  areas 
near  one  another,  showing  that  it  has  been  greatly  disturbed  and 
broken  over  a  wide  extent  since  it  was  deposited.  Of  this  variation  in 
depth  at  which  the  chalk  is  found  in  the  county  the  Survey  Memoirs 
afford  ample  evidence.  The  same  conclusion  is  forthcoming  again 
from  the  considerable  number  of  great  angular  masses  of  detached 
chalk  occurring  among  the  drifts  in  various  parts  of  the  county,  which 
in  places  are  big  enough  to  have  permitted  of  chalk  being  quarried  out 
of  them ;  phenomena  which  have  been  noted  by  many  observers,  and 
the  impressions  to  be  drawn  fiom  which  have  been  enlarged  upon  in 
my  previous  papers  on  the  dislocation  of  the  chalk  in  the  Eastern 
Counties  already  referred  to.  In  the  countr}'  round  Cromer  and 
Sheringham  I  have  lately  again  visited  several  of  these  pits.  There 
is  a  tine  one  behind  the  mill  at  Wevbourne;  another  near  the  road  in  a 
cutting  through  the  hill  between  Wey bourne  and  Salthouse;  another 
behind  the  hill  east  of  Beeston  Hill ;  another  near  the  upper  gate  of 
Mr.  Upcher's  park  on  the  Holt  road ;  a  small  one  east  of  Cley,  on  the 
road  to  8and ;  and  more  thau  one  at  Northrepps.  In  all  these  cases 
the  irregularity  of  level  at  which  the  chalk  occurs  is  remarkable.  It 
is  not  easy  to  determine  in  many  cases  whether  the  chalk  exists  in  a 
detached  mass  or  forms  the  nucleus  of  the  hill  in  which  it  is  found,  and 
ha.s  been  merely  raised  up,  but  in  either  case  the  proof  of  some  violent 
action  is  patent. 

The  occurrence  of  great  masses  of  shelly  Crag  at  Norwich,  far  from 
the  sea  and  overlying  the  Chalk,  and  of  other  portions  also  at  a 
considerable  elevation  in  the  Euro  valley,  shows  even  more  forcibly 
how  great  has  been  the  elevation  and  disturbance  of  the  cludk  in  these 
latitudes  since  the  Norwich  or  Wey  bourne  Crag  was  deposited. 

The  same  conclusion  follows  inevitablv  from  the  contlitions  under 
which  the  vast  cakes  and  huge  angular  masses  of  chalk  occur  in  the 
drifts  at  Beeston,  West  Runton,  and  elsewhere,  a  phenomenon  which 
has  attracted  the  attention  of  geologists  for  a  long  time  and  been  the 
cause  of  endless  discussion.  From  Wey  bourne  to  near  Sheringham 
nothing  is  more  remarkable  in  the  (rliffs  than  the  scarcity  of  large 
flints  or  of  masses  of  chalk  in  the  clays  and  sands  overlying  the 
hard  pan.  So  scarce  are  they  that  they  may  virtually  be  said  not  to 
exist  at  all  except  occasionally  in  the  gravel  sometimes  capping  the 
cliffs,  and  which  is  sometimes  contained  in  pockets,  more  or  less  great, 
in  hollows  formed  on  the  upper  surface  of  the  sands. 

East  of  Sheringham  the  whole  condition  of  things  is  changed,  and 
thence  to  Cromer  the  cliffs  are  marked  in  several  places,  as  the  cliff 
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sections  displayed  in  the  Survey  Memoirs  show,  by  the  vast  long  cak('6 
of  chalk  containing;  flints,  which  have  been  ridiculously  called  chulk 
boulders,  and  which,  as  I  have  said,  have  been  the  puzzle  of  every 
inquirer,  and  the  cause  of  many  fantastic  theories  on  the  part  of 
those  who  dislike  induction  but  love  paradox  and  sensation  in  science. 

In  the  sections  illustrating  the  geology'  of  Cromer  cliffs  attached  tu 
the  memoir  on  the  geology  of  Cromer,  these  long  cakes  of  chalk 
between  East  aud  West  Kunton  gap  are  duly  represented,  although 
on  much  too  small  a  scale  to  show  their  real  features.  In  the  stretch 
of  cliff  between  West  Runton  and  the  brickyard  in  Beeston  cliff  there 
is  a  particularly  interesting  aud  notable  enclosure  in  the  drift  which  is 
not  noticed  in  the  sections  in  question,  nor,  so  fur  as  I  know,  in  the 
literature  on  the  subject.  It  may  be  that  it  has  only  recently  been 
exposed  in  the  cliff,  but  this  seems  very  impix)bable.  Like  the  tabubu* 
cakes  of  chalk  just  mentioned,  this  included  mass  is  also  remarkable 
for  it^  great  length  and  small  thickness,  but  what  makes  it  much 
more  notable  is  the  disintegrated  materials  out  of  which  it  is  composed. 
When  I  first  saw  it  I  was  particularly  puzzled,  because  I  could  see 
from  the  foot  of  the  cliff  only  a  long  serpentinous  line  of  chalk 
(true  chalk  and  not  made  up)  curved  into  a  sinuous  shape  and 
extending  for  a  great  many  yards,  nowhere  apparently  more  than 
a  foot  thick  and  thinning  down  to  4  or  5  inches.  On  climbing  up 
the  cliff  I  found  that  this  enigmatical  ribbon  of  chalk  was  covered 
with  a  stratum  of  haixl  pan  formed  of  small  flint  pebbles  and  full  of 
Weyboume  Crag  shell  fragments,  and  over  this  again  was  a  stratific<l 
bed  of  sandy  and  gravelly  Crag,  the  whole  united  together  and  forming 
a  continuous  series  of  beds.  The  entire  mass  is  more  or  less  lenticular 
in  sliape  in  its  thickest  part,  but  stretches  out  on  either  side  into 
a  kind  of  ribbon  and  has  been  detached  and  transported  en  masse. 
Although  the  pebbles  of  flint  are  indurated  by  iron  oxide,  they  are 
much  more  loose  than  elsewhere  where  the  iron  pan  occurs  at  the 
foot  of  the  cliff.  There  cannot  bo  any  doubt  that  we  here  have  a  case 
of  a  surface  layer  or  rather  skin  of  chalk  having  been  stripped  off 
violently  from  the  chalk  matrix,  and  with  it  the  usual  covering  of  the 
chalk  as  it  occurs  when  in  situ  and  undisturbed  on  the  foreshore, 
that  before  it  was  moved  this  cake  of  mixed  materials  formed  an  integral 
part  of  the  uppcmiost  bed  of  the  chalk  with  the  Weyboume  Crag 
attacliod,  and  that  the  detachment  and  portage  of  the  whole  mass  took 
place  after  the  deposition  of  the  Weyboume  or  Norwich  Crag. 

I  ouj^ht  to  add  that  this  roiuarkjible  cake  of  conjoined  chalk  and 
crag  is  matched  in  the  case  of  the  longer  and  better  known  tabuhir 
chalk  masses  between  East  and  West  Runton  Gap.  On  portions  of 
two  of  these  tlie  same  bed  of  hard  pan  or  consolidated  gravel  occurs. 
In  tliese  cases  the  jj;ravel  is  repivsented  in  the  sections  of  the  Survey 
Memoir  lying  on  the  chalk,  but  its  significance  is  entirely  overlooked, 
and,  inirahilr  dicfu,  the  gravel  is  labelled  fflacial  gravel.  What  there 
is  frlarial  about  it  defies  oonjeeture.  It  is  formed  of  small  rounded 
flint  ])('bl)lcs  with  ocrasional  quartzites,  like  all  the  other  gravels  of  tlie 
u[)])er  era*:,  and,  so  far  as  I  know,  of  nothing  else,  and  is  the  exact 
ccjuivalent  of  the  hard  pan  as  it  exists  similarly  planted  upon  the 
clialk  wlien  tlie  latter  occurs  with  the  crag   in  juxtaposition  along 
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gi'eat  stretches  of  the  coast.  It  is,  in  fact,  a  definite  proof  that  these 
chalk  cakes,  like  the  serpentinous  mass  of  chalk  last  mentioned,  were 
violently  dwtached  after  the  deposition  of  the  Weyhourno  Crag. 

I  may  say  that  these  tahular  chalk  cakes,  like  the  mixed  mass 
above  named,  have  meandering  or  arched  outlines,  and  that  the  once 
horizontal  beds  of  flints  in  them  have  been  bent  into  the  same  curves, 
which  imply  the  exercise  of  similar  forces  as  those  in  the  chalk  still 
in  situ  and  were  doubtless  induced  at  the  same  time. 

It  would  be  a  great  mistake  to  suppose  that  these  enormous  masses 
of  detached  chalk  lying  in  and  surrounded  by  later  beds  are  a  peculiar 
feature  of  the  clifp  sections  only.  They  also  occur  in  several  sections 
far  inland,  as  far,  in  fact,  as  Leicestershire  and  Northamptonshire,  in 
several  places  having  actually  been  used  as  chalk-quarries.  What 
is  perfectly  plain  is  that  the  phenomenon  they  witness  to,  is  that  of 
a  violent  and  notable  dynamical  movement,  however  caused,  and 
which  is  to  be  put  alongside  the  other  proofs  of  similar  dislocation  and 
violent  breakage  already  mentioned  in  this  paper. 

We  have  no  reason  to  suppose  that  the  movements  involved  belonged 
to  different  periods  and  occun*ed  at  di£ferent  times.  On  the  contrary, 
such  evidence  as  is  available,  as  we  shall  see,  goes  to  show  that  it  took 
place  at  one  time.  We  have  seen  that  on  the  coast  this  is  shown 
to  have  been  after  the  deposition  of  the  so-called  Woyboume  Crag, 
whoso  shells  are  found  in  the  red  pan.  The  fact  of  the  Norwich 
Crag  and  the  so-called  Bure  Valley  Beds  (which  are  merely  the  local 
representation  of  the  Weybourne  Crag)  occurring  so  far  from  the  coast 
and  at  such  a  comparatively  high  level,  and  the  fact  that  the  chalk 
beds  in  the  former  place  correspond  to  those  between  Weybourne  and 
Kunton,  as  Mr.  C.  lieid  says  (see  Memoir  on  Cromer,  etc.),  is  strong 
testimony  to  the  fact  that  the  dislocations  of  various  kinds  here  referred 
to,  and  so  notorious  to  every  student  of  the  district,  were  contem- 
poraneous and  occurred  at  the  same  geological  epoch,  namely,  after 
the  deposition  of  the  Norwich  or  Woyboume  Crag. 

This  view  is,  to  some  extent  at  least,  that  of  the  Geological 
Surveyors.  Thus,  speaking  of  the  bent  and  distorted  chalk  at 
Trimingham,  Mr.  C.  Keid  says :  **  That  this  contortion  is  of  Pleisto- 
cene date  is  proved  by  the  similar  disturbances  of  the  overlying  beds, 
and  by  the  intrusion  of  tongues  of  Boulder  Clay  into  the  Chalk. 
Lyell  was  fully  aware  of  this  unconformity  and  gave  illustrations  of  it ; 
he  mentioned  the  mixture  of  Chalk  and  Boulder  Clav  on  the  fore- 

ft- 

shore,  and  considered  that  the  contortion  must  clearly  have  been 
formed  subsequently  to  the  deposition  of  the  Drift**  (Geology  of 
Cromer,  etc.,  p.  95). 

What  Mr.  Reid  here  says  of  the  local  disturbances  at  Trimingham 
I  would  apply  to  the  Chalk  dislocations  of  all  North  Norfolk  and  its 
borders,  which  I  claim  to  have  all  been  contemporaneous  and 
posterior  to  the  deposition  of  the  Newer  or  Norwich  Crag.  To  sum 
Tip  the  case  as  far  as  we  have  gone,  the  evidence  of  violent  change  and 
movement  and  dislocation  in  the  Chalk  of  Norfolk  after  the  deposition 
of  the  latest  Crag  beds  is  very  widespread  and  very  cumulative.  It 
would  appear  further  incontrovertible  from  the  available  facts  that 
when  these  newer  Crags  were  being  deposited  the  contour  of  Norfolk 
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was  quite  different  to  what  it  is  now,  and  that  a  considerable  part  of 
it  was  occupied  by  beds,  not  of  curved  and  broken  chalk  as  now»  but 
of  horizontally  bedded  chalk  lying  at  the  level  of  the  lamkiarian  zone 
upon  which  the  Crag  shells  lived  and  the  I^ewer  Crag  beds  were 
deposited,  and  that  it  was  after  this  time  that  the  whole  of  it  was 
subjected  to  violent  forces  which  dislocated  and  broke  it  and  gave  it 
its  present  contour.     These  conclusions  seem  inevitable. 

The  next  question  that  arises  is  what  was  the  force  or  what  were 
the  forces  which  caused  those  dislocations  and  movements,  and  which 
occurred  on  this  great  scale  not  in  remote  geological  time  but, 
geologically  speaking,  only  yesterday,  at  an  epoch,  in  fact,  when  the 
possibility  of  such  movements  has  been  so  continuously  scouted  by 
the  champions  of  orthodox  geology. 

There  are  only  two  ways  in  which  this  widespread  dislocation  and 
destruction  could  take  place.  It  must  have  been  either  by  the 
application  of  force  from  the  outside  and  from  above,  or  by  the 
exercise  of  subterranean  energy.  In  regard  to  the  former  notion, 
which  is  the  orthodox  one,  the  difficulty  is  stupendous.  We  must  not 
forget  that  the  total  thickness  of  the  Chalk  in  this  part  of  Norfolk 
must  bo  very  great,  probably  largely  exceeding  500  feet,  and  f urtlier 
that  chalk  is  a  very  tough  material,  offering  great  resistance  to 
pressure.  How  we  are  to  secure  an  instrument  acting  from  above 
which  could  twist  and  curve  this  material  into  meandering  carves, 
arching  it  here  and  depressing  it  into  synclinal  folds  elsewhere,  and 
could  further  break  off  with  ragged  edges  and  deeply  wounded  surfaces 
great  angular  masses  and  cakes  of  chalk,  passes  my  comprehension. 
Yet  the  postulate  has  been  gaily  appealed  to  by  most  of  the  orthodox 
geologists  without  any  attempt  whatever  being  made  to  justify  it. 

The  Rev.  0.  Fisher,  who  generally  argues  in  a  strictly  inductive 
way,  writing  as  far  back  as  1868,  attributed  phenomena  such  as  we 
are  discussing  to  the  pressure  exercised  by  large  masses  of  material 
on  the  underlying  beds.  Thus  he  says  inter  alia :  **  in  attributing 
contortions  in  the  underlying  beds  to  the  deposition  of  masses  of 
matter  uj)on  the  surface,  1  would  go  to  the  extent  of  suggesting  that 
the  remarkable  bluffs  of  chalk  at  Trimingham  may  have  been  upraised 
by  some  such  action."  Surely  here  we  have  a  whole  series  of  un- 
verilied  promises !  AVhero  can  we  find  a  single  instance  of  such 
contortions  and  breakage  us  we  are  discussing  as  the  result  of  placing 
great  weights  on  the  surface  of  the  earth?  Take  the  Pyramids,  or 
buildings  like  St.  PauPs  or  St.  Peter's,  among  human  experiments,  or 
tuiTiing  to  purely  natural  phenomena,  take  the  innumerable  examples 
we  can  find  of  perfectly  horizontal  beds  lying  under  tremendous  loads 
of  superincumbent  material  much  greater  than  any  that  can  be 
appealed  to  us  overlying  the  Chulk  in  Norfolk.  Surely  the  idea  is  a 
purely  transcendental  one.  How,  again,  is  the  pressure  of  such  a  mass, 
even  if  effective  for  the  purpose  of  producing  dislocations,  to  cause 
meandering  contours  and  alternate  arches  and  hollows  in  chalk  bods 
several  hundred  feet  thick,  or  how  is  it  to  break  off  vast  masses  from 
their  matrix  with  raw  and  angular  edges  ?  Assuredly,  if  the  pressure 
is  suihciently  great,  enishing  will  ensue  ;  that  is  true  enough,  but  has 
anyone  attempted  to  calculate  the  amount  of  mere  pressure  that  would 
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be  needed  to  crush  the  chalk,  a  problem  which  Mr.  0.  Fisher  might 
easily  have  faced  before  offeiing  an  hypothesis  so  remote  from  proba- 
bilitv.  But  even  if  he  had  faced  it  we  should  be  no  nearer.  There  is 
no  sign  whatever  of  mere  crushing  in  these  chalk  cliffs  and  great 
chalk  masses.  The  chalk  in  them  and  the  lines  of  flint  in  them  are 
quite  intact,  and  so  are  the  beds  of  consolidated  gravel  and  finely 
laminated  sand  which  in  many  places  are  adherent  to  them.  We 
should  expect  if  the  pressure  had  been  sufficiently  great  to  be  efficient 
at  all  that  it  would  have  crushed  these  chalk  beds  into  powder,  and 
not  curved  them  and  twisted  them  in  this  way,  or  broken  them  off 
with  sharp  edges.  The  whole  process  seems  to  me  utterly  fantastic 
and  impossible.  I  am  not  alone  in  thinking  so.  In  this  instance  I 
quite  agree  with  Mr.  C.  Reid  when  he  says:  "The  Rev.  O.  Fisher's 
theory  of  the  forcing  up  of  the  beds  by  irregular  deposition  of  masses 
of  material  on  their  surface  seems  inadequate  to  the  formation  of  con- 
tortions on  so  vast  a  scale.  It  is  doubtful  whether  anything  less 
than  a  mountain  piled  on  the  surface  at  Trimingham  would  be 
sufficient  for  the  contortion  of  200  feet  of  underlying  strata.''  This 
is  quite  judicious,  although  it  understates  the  difficulty,  but  in 
the  face  of  such  a  statement  what  are  we  to  say  of  Mr.  Keid's  own 
theory  ?  After  thus  demolishing  the  Rev.  0.  Fisher's  notion  that  the 
chalk  dislocations  were  due  to  the  differential  pressure  of  super- 
incumbent masses  of  strata  as  quite  inadequate,  he  proceeds,  without 
any  attempt  at  a  physical  analysis  of  the  conditions  of  the  problem,  to 
apply  the  very  same  kind  of  explanation  himself,  only  substituting  ice 
for  beds  of  rock  or  sand  or  clay.  Assuredly,  nothing  can  well  be 
more  inconsequent,  for  it  merely  adds  to  the  difficulties  instead  of 
diminishing  them.  Let  us  analyze  his  argument.  The  distinction  in 
Mr.  C.  Reid's  mind  seeras  in  some  way  to  rest  on  a  notion  that  while 
the  postulated  superincumbent  rocks,  sands,  or  clays  here  referred  to 
would  be  ex  hypoth^si  stationary,  ice  is  in  a  measure  mobile,  and  he 
says  the  explanation  of  the  broken  and  contorted  condition  of  the  chalk 
is  only  possible  on  the  hypothesis  of  **  a  lateral  thrust,  or  of  a  sliding 
pressure  from  above." 

(7b  he  continued.) 


V. — Two  Ne^^  Specirs  of  Ecrypterus  from  the  Coal-Measures 

OF  Ilkeston,  Derbyshire. 

By  IIexrt  Woodward,  LL.D.,  F.R.S.,  V.P.Z.S.,  F.G.S. 

(PLATE    XIII.) 

BY  the  kindness  of  Mr.  Henry  A.  Allen,  F.G.S. ,  of  the  Geological 
Survey  of  England,  three  examples  of  Enryptenm^  in  clay-iron- 
stone nodules,  showing  impression  and  counterpart,  together  with 
a  fragment  of  a  fourth  example,  all  from  the  Coal-measures  to  the 
north -west  of  Ilkeston,  have  been  most  obligingly  lent  me  for 
description  by  their  discoverer,  Dr.  L.  Moysey,  M.A.,  of  St.  Moritz, 
Ilkeston  Road,  Nottingham. 

Remains  of  Eurypterus   are  extremely  rare  in  the  Coal-measures 
The  earliest  Carboniferous  Eurypterm  discovered  and  described  was 
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E.  Scouleri  of  Hibbert,^  from  a  quany  at  Kirkton,  near  Bathgate. 
West  Lothian,  in  a  fresh- water  limestone  containing  much  silica  and 
associated  with  fronds  of  tSphenopUris  Jlihberti,'^  The  first  to  be 
described  in  America  was  Eurypterus  {Anthraeonecteni)  3h%oneMis,  by 
Messrs.  Meek  &  Worthen,  from  the  Coal-measures  of  Grundy  County, 
Illinois.'  The  next  was  in  1877,  by  Mr.  Charles  E.  Hall,  of  the 
Geological  Survey  of  Pennsylvania,*  under  the  name  of  E,  Penn- 
gyiranieus,  from  the  Lower  Carboniferous  rocks  of  Venango  County, 
and  another  example  from  the  Coal-measures  of  Cannelton.  Pa.,  under 
the  name  of  Eurypterus  (Dolichopienu)  Mansjieldi.  These  were 
noticed  and  refigured  by  Professor  James  Hall,*  who  added  figures 
of  Eurypteridae  from  the  Lower  productive  Coal-measures  in  Beaver 
Co.  and  the  Lower  Carboniferous  Pithole  Shale,  Vemango  Co.  The 
additional  species,  noticed  by  Professor  Jumes  Hall,  were  E.  Beeeheri, 
Hall  (an  Upper  Devonian  form  from  Warren,  Pa.);  E,  potens.  Hall, 
Carboniferous,  Pa. ;  E,  stylus.  Hall,  shale  below  Canncl  Coal,  Barling* 
ton.  Pa. 

A  very  interesting  and  well-preserved  Eurypterus ^  named  ^.  seabrosuSy 
was  discovered  in  1886  in  the  Lower  Carboniferous  Series  of  Eskdale, 
Scotland,  and  figured  and  described  in  1887.'  Part  of  the  body  of 
another  example,  named  E.  Wihonij  from  the  Coal-measures  of 
Radstock,  Somerset,  was  also  figured   and  described  by  the  writer.^ 

Other  remains  of  Eurypterus  have  been  referred  to  E,  Scouleri  •  from 
the  Carboniferous  of  Cape  Breton.  Another  species,  not  determined, 
was  noticed  by  Salter  from  the  Carboniferous  of  Nova  Scotia.  A  form 
doubtfully  referred  to  E,  Scouleri  from  the  Upper  Devonian  of 
Kiltorcan,  Ireland,  and  one  named  by  Salter  E.  pulicaris,*  from  the 
Devonian  of  St.  John's,  New  Brunswick ;  one  from  the  Lower 
Devonian  of  Arbroath,  E.  Bretvsteri^^;  one  from  the  Passage  Beds, 
Purton,  Herefordshire,  named  E.  Brodiei^  H.  Woodwaitl,  complete 
the  Carboniferous  and  Devonian  series. 

In  the  Upper  Silurian  no  fewer  than  17  species  of  Eurypterus 
have  been  described,  10  being  from  llussia  and  North  America,  and 
7  from  Ludlow,  Kendal,  and  Lanarkshire ;  the  most  perfectly 
preserved,  however,  are  from  North  America,  and  from  the  Island 
of   Oesel   in   the  Baltic. ^^     The  dermal  coverings  of  some  of  these 

>  Trans.  Roy.  Soc.  E(iiu.,  vol.  xiii  (1836),  pt.  1,  p.  280.  pi.  xii. 

*  JI.  Woodward:  Mon.  Pal.  Soc.  Merostomatii,  1872, pp.  133,  1 80, pis. xxv-xxvii 
and  text-fi«::s. 

•*  See  AnitT.  Journ.  Seient'c,  vol.  xlvi  (18G8),  p.  21  ;  afterwards  more  fully 
illustrated  and  describeil  by  the  same  authors  iu  the  Reports  Geol.  Sun\  Illinois^ 
vol.  iii  (1«6«),  p.  544. 

*  Troc.  Amer.  Phil.  Soc,  vol.  vii  (1877),  p.  621. 

^  Second  Ue(d.  Surv.  Peunsvlvania :  Report  of  Progress  P. P. P.,  1884. 

c  JI.  \Vm>dward:  Geol.  Mao.,  1887,  pp.  481-484,  PI.  XIII. 

''  Geol.  Mao.,  18.S8,  pp.  419-421,  AVoodcut. 

»  J.  W.  Salter  :  (iuart.  Journ.  (Jeol.  Soc,  vol.  xv  (1859),  p.  232,  pi.  x. 

'■^  J.  W.  Salter:  Quart.  Journ.  Gecd.  Soc,  vol.  xviii  (1863),  p.  346;   vol.  xix, 
pp.  7S-79. 
^"  II.  WocKlward:  Geol.  Mao.,  Vol.  I  (1864),  p.  200,  PL  X,  Fig.  3. 
*^  Fr.  Schmidt,  "  Die  Cru^taceent'auna  der  Eurj'pteren-schichfcen  von  Rootzikiill 
auf  Oenel.      Miscellanea   Hilurica,  iii":    Mem,   Acad.    Imp.    Sci.    St.    Petersbourg 
(vii;,  vol.  xxxi,  2s'o.  5,  1883. 
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Swe<lish  specimens  have  lately  been  obtained  in  so  perfect  a 
stiito  of  preservation  that  they  have  been  mounted  on  glass  by 
Professor  E.  J.  G.  Holm,  and  a  series  so  prepared  are  preserved  in 
the  Natural  History  Museum,  Cromwell  Road.^ 

EoRrpTEBus  MoYSEYi,*  H.  Woodw.,  sp.  nov.     (PL  XTII,  Figs.  1,  2.) 

Figs.  1  and  2  on  our  Plate  XIII  are  drawn,  slightly  enlarged  in 
each  case,  from  one  of  the  sides  of  two  irregularly-shaped  clay-? 
ironstone  noilules,  which  have  been  split  open ;  Fig.  1  displaying  also 
upon  its  inner  surface,  not  only  the  Arthropod  about  to  be  described, 
but  also  the  pinnule  of  a  Neuropterid  fern,  attesting  the  near  presence 
of  land-conditions,  as  seen  also  on  pi.  iv,  fig.  3,  pi.  vi,  and  pi.  viii,  fig.  2, 
of  Professor  Hall's  figures  of  Eurjrpterids  from  the  Carboniferous  beds 
of  Pennsylvania  already  referred  to. 

Our  Fig.  1  shows  clearly  the  semicircular  fronted  head-shield,  with 
its  truncated  posterior  border  followed  by  seven  rather  narrow  but 
transversely  broad  and  arching  post-cephalic  segments.  The  head- 
shield  carries  the  eyes,  which  are  prominent  and  placed  anteriorly 
and  subcentrally  on  its  upper  surface ;  they  are  smooth  (not  facetted) 
und  of  the  usual  reniform  outline.  A  niised  semicircular  ridge  seems 
to  unite  them  in  front,  but  this  is  probably  due  to  the  squeezing 
upwards  of  the  bases  of  two  of  the  anterior  pairs  of  endognaths; 
a  detached  portion  of  one  of  the  palpi  {en.)  is  seen  on  the  left  side  of 
the  bead-shield,  and  two  others  on  the  right  side. 

Owing  to  the  circumstance  that  the  posterior  portion  of  the  cephalic 
shield  has  adhered  to  the  counterpart  of  the  nodule,  the  mouth  organs 
on  its  under-side  are  more  clearly  exposed  to  view,  and  we  see  the 
oval  metastoma,  or  post-oral  plate  (t/».)i  occupying  the  centre  of  the 
space,  having  its  attached  hinder  border  rather  below  the  posterior 
margin  of  the  head,  while  its  anterior,  slightly  notched,  free  extremity 
reaches  to  the  centre  of  the  head-shield.  The  broad  basal  joints  of 
a  pair  of  powerful  ectognaths  (<»<?.,  ec.)  flank  the  metastoma  on  either 
side  ;  only  a  part  of  one  of  their  swimming  palps  (ec.)  is  seen  lying 
detacheil  on  the  left  side;  perhaps  the  appendage  labelled  {en.  6)  on 
the  right  side  may  be  the  other  palpus,  the  distal  spatulute  extremity 
being  in  that  case  broken  off,  or  concealed  by  the  matrix.  Endognath  5 
(en.  5,  Fig.  I)  is  a  slender  organ  having  only  four  of  its  original  seven 
joints  visible ;  the  terminal  joint  being  a  simple  and  sharp  spine. 

The  narrow  median  organ,  or  central  appendage,  of  the  opercular 
plate,  the  extremity  of  which  is  rounded,  is  seen  in  Fig.  1,  op.j  as 
a  well-marked  impression  underlying  the  four  anterior  post-cephalic 
segments. 

As  in  other  species  of  this  genus,  the  first  segment  following  the 
head-shield  is  narrower  than  the  rest ;  the  three  which  follow  are 
deeper,  and  increase  gradually  also  in  breadth  ;  then  follow  three 
more,    which   become   gradually   narrower   but   do   not   diminish   in 

*  £.  J.  6.  Holm,  **  TJeber  die  Org^anisationen  des  Eurypterm  Fischeriy  Eichw."  : 
Mem.  Acad.  Imp.  Sci.  St.  Pet^rsbourg,  Phys.-Math.  CI.  (viii),  vol.  viii,  Xo.  2, 
80  pp.,  10  ph.,  1898. 

*  Named  in  honour  of  the  discoverer,  Dr.  L.  Moyscy,  M.A.,  of  St.  Moritz, 
Ilkeston  Boad,  Nottingham. 
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depth.  These  seven  segments  forming  the  thorax  {pereian  of  Spence 
Bate)  give  to  the  body  a  somewhat  globular  or  rounded  contour. 
Those  which  follow  (probably  seven  in  number)  were  greatly  reduced 
in  breadth,  but  increased  somewhat  in  depth,  ending  in  all  probability 
in  a  more  or  less  long  slender  cnsiform  telson.  Figs.  1  and  2  have 
only  eight  and  nine  segments  respectively  preserved,  the  remainder 
of  the  abdominal  series,  which  extended  into  the  matrix  beyond  the 
edge  of  the  clay -ironstone  nodule,  being  lost. 

In  Eurypterus,  as  in  so  many  other  Arthropods,  each  somite  is 
clothed  in  a  chitinous  or  calcareo-chitinous  envelope,  an  upper  part 
(or  tergum)  and  a  lower  part  (or  ftemum)  giving  rise  at  their  junction 
to  small  recurved  epimeral  plates  or  pleurae  on  the  lateral  margins 
of  each  segment.  These  tergites  and  stemites,  in  fossilisation,  have 
been  pressed  together,  and  are  often  somewhat  displaced  along  the 
margins  of  the  segment*,  but  the  outer  upper  surface  can  always 
be  readily  detected  by  the  presence  of  rows  of  minute  squamate 
markings  so  characteristic  of  all  the  Merostomata  (see  Figs.  1  and  2). 

Although  the  head-shield  in  Fig.  2  is  less  well  preserved  than  that 
of  Fig.  I,  and  the  eyes  are  very  indistinct,  there  are  portions,  nearly 
in  place,  of  at  least  four  jointed  endognaths  or  palpiform  organs 
{en,  1,  2,  3,  4),  which  served  as  mouth  organs  and  idso  as  locomotory 
appendages,  the  last  and  most  posterior  pair,  which  are  always  the 
largest,  being  modified  to  serve  as  powerful  swimming  feet.  Probably 
en,  t3  and  4  may  represent  this  pair  of  swimming  feet,  one  of  which 
has  been  in  that  case  displaced  from  the  right  side.  The  basal  joinU 
of  tliis  posterior  pair  occupy  in  Fig.  2  the  same  position  as  in  Fig.  1, 
being  placed  one  on  either  side  of  the  oval  metastoma.  The  greater 
part  of  the  opercular  plate  (ojw.),  situate  immediately  behind  the  head, 
is  exposed  to  view  by  the  removal  of  the  tergites  of  the  first  and 
second  body-segments,  leaving  the  left  side  and  the  central  appendage 
uncovered.  Two  of  the  series  of  naiTow  abdominal  segment^  following 
the  broad  thorax  are  preserved  in  Fig.  2 ;  also  the  pointed  recurved 
pleune  or  epiraera  on  the  riglit  side  of  the  seven  thoracic  plate?,  which 
are  well  shown  and  quite  in  onler. 

In  the  figures  given  by  Professor  James  Hall  of  the  American 
Huri/pierus  Mayiitfeldi  from  below  the  Cannel  Coal,  Cannelton,  Pa.,  the 
epimeral  pieces  on  the  margins  of  the  body-segments  are  shown  to 
be  produced  into  strongly  recurved  spinous  processes  (st^e  particularly 
op.  cit.,  j)l.  iv,  fig.  3,  and  pi.  v,  figs.  3  and  11).  These  spinous 
lateral  processes  also  frequently  occur  detached,  and  I  have  seen  such 
from  our  own  Coal-measur^^s,  but  I  do  not  think  they  were  so  prominent 
on  the  segments  of  EurtfpteruH  Jfof/sef/i. 

Measurements. — Fig.  1.  Length  of  head-shield  21  cm.,  breadth  at 
base  26  cm.  ;  breadth  between  eyes  at  back  10  cm.,  length  of  eye 
4  em.  ;  length  of  metastoma  10  cm.,  breadth  8  cm. ;  length  of  median 
appendage  to  opercular  plate  12  cm.,  bix»adth  4  cm. ;  length  from  base 
of  metastoma  to  base  of  7th  segment  21cm.;  gi'catest  breadth  of 
thorax  29  cm.,  average^  dej)th  of  thoracic  segments  5}  cm. ;  breadth  of 
first  abdominal  segment  15  em.,  depth  7  cm. 

Fig.  2.  Length  of  head-shield  1 7  em.,  breadth  of  base  23  cm. ;  length 
of  seven  thoracic  segments  25  cm.,  greatest  breadth  26  cm. ;  length  of 
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median  appendage  to  operculum  8  cm.,  breadth  4  cm. ;  breadth  of 
let  abdominal  segment  14  cm.,  length  7  cm. ;  metastoma,  length  10  cm., 
breadth  7  cm. 

In  the  specimens  of  Eurypterus^  figured  and  described  by  Professor 
James  Hall  from  Pennsylvania,  the  body-segments,  especially  those  of 
the  abdomen,  appear  to  be  more  narrow  and  elongated  than  these 
Derbyshire  specimens  indicate.  E,  Iloyseyi,  for  instance,  has  a  more 
globular  or  rotund  thorax,  and  the  ornamentation  is  less  spinose  and 
the  squamae  are  more  minute. 

The  thomcic  segments  figured  by  me  (see  Geol.  Mao.,  1888, 
pp.  419-421)  from  the  Coal-measures  of  lladstock,  Somerset,  evidently 
belonged  (like  the  Scottish  specimen  named  E,  scabrosus)  to  a  much 
larger  form,  at  least  twice,  if  not  thrice,  as  largo. 

Eu&TPTEBUs  Dkrbiensis,  sp.  nov.     (PI.  XIII,  Fig.  3.) 

This  specimen  is  much  smaller  than  the  preceding  examples  and 
not  very  clearly  preserved,  being  mixed  with  numerous  detached  and 
broken  leaves  of  a  fern;  nevertheless,  although  at  first  doubtful, 
I  am  now  inclined  to  regard  it  as  being  certainly  distinct  from 
E.  Moy»eyij  with  which  it  was  found  associated. 

The  head -shield  has  the  usual  subquadrate  form,  rounded  in  front ; 
the  eyes,  which  are  prominent  and  a  little  larger  in  proportion  to 
its  relative  size,  are  placed  somewhat  closer  together,  and  rather 
nearer  the  anterior  margin  than  in  E.  Moyseyi.  Two  imperfect 
endognaths  (en.)  are  seen  on  the  right  side  of  the  head  and  one  of 
the  swimming  feet  (ee,)  on  the  left  side.  The  metastoraa  or  post-oral 
plate  (wi.)  is  oval  in  form,  its  posterior  boixler  being  hidden  beneath 
the  thoracic  segments,  wliich  are  squeezed  together  somewhat  and 
have  lost  a  part  of  their  margins.  There  is  a  faint  impression  on 
the  counterpart  (not  drawn)  of  a  long  median  appendage  belonging 
to  the  opercular  plate  seen  beneath  the  thoracic  stemites.  What  is 
very  interesting  is  the  presence  of  about  six  narrow  but  deep 
abdominal  segments,  having  a  crenulatetl  ornamentation  sugjrestiiig 
the  presence  of  a  row  of  marginal  spines  along  the  posterior  border 
of  each  tergite.  Similar  plica)  are  represented  by  James  Hall  in 
E,  Mamfieldi  (op.  cit.,  pi.  iv,  fig.  3  ;  pi.  v,  fig.  3  ;  and  pi.  vi)  from 
Pennsylvania. 

Dimensiotm. — Total  length  of  specimen  30  centimetres,  greatest 
breadth  of  thorax  12  cm. ;  breadth  of  head  10  cm.,  length  of  head 
6  cm.  ;  length  of  thorax  9  cm.  ;  length  of  abdomen  15  cm. ;  breadth  of 
anterior  segment  8  cm.,  length  4  cm. 

This  specimen  (Fig.  3)  differs  slightly  in  the  form  of  the  head-shield, 
which  is  rather  more  quadrate  than  in  Figs.  1  and  2  ;  the  botly  is  more 
slender,  and  the  plic»  (or  spines?)  along  the  posterior  ])order  of 
the  abdominal  segments  are  not  seen  on  the  posteiior  somites 
of  Figs.  I  and  2.  Possibly  this  might  be  considered  as  the  nmle  of 
the  larger  species,  but  the  only  other  evidence  is  in  the  form  of 
the  imperfectly  indicated  median  appendage  of  the  opcTcular  plate. 
Against  this,  however,  is  the  fact  that  Figs.  1  and  2  differ  prohably 
quite  as  much  from  each  other  in  the  form  of  the  opercular  plate, 
and  therefore  Fig.  1  might  equally  well  be  deemed  to  be  the  male 
and  Fig.  2  the  female  of  the  same  species. 
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Under  these  circumstances,  in  order  to  avoid  the  inconvenience 
and  suspense  occasioned  by  a  nameless  fossil,  I  would  suggest  for 
Pijj;.  t3  the  specific  designation  of  DerhiemU  as  serving  also  to  mark 
geographical  locality  of  this  individual. 

All  the  specimens  are  in  the  possession  of  the  discoverer.  Dr.  L: 
Moysey,  M.A.,  St.  Moritz,  Ilkeston  Road,  Nottingham,  to  whose 
courtesy  I  am  indebted  for  permission  to  describe  these  very  interesting 
Arthropods. 

EXPLANATION   OF  PLATE  XIII. 

Figs.  I  and  2. — EurypUrm  Moyseyi^  H.  Woodward,  sp.  nov.     Enlarged  IJ  times 

nat.  t«ize. 
Fig.   S.SurypterM  Derbiensis,   II.    Woodward,   sp.   nov.     Enlarged   1\  times 

nat.  size. 

Clav-ironstone  Coal-measures,  all  from  a  few  feet  below  the  **  Top-Hard-Coal," 
\\  miles  N.N.W.  of  Ilkeston,  Derbyshire.     Collection  of  Dr.  L.  Moysey,  M.A. 

en.  endognath,  one  of  the  series  of  mouth  organs  (serving  as  maxiliipeds)  in 
Fig.  2  I  have  indicated  en,  1,  2,  3,  and  4. 

ec.  ectognath,  indicate  the  basal  joints  fcoxa)  which  form  the  chief  organs 
of  manducation;  they  form  also  powerful  swimming  organs  (see  figures  in 
Professor  Hall's  work  and  in  H.  Woodward's  Monograph  on  the  Merostomati). 

m.  roctastoma  or  post-oral  plate,  usually  oordiform. 


I. — The  Zones  op  Neolithic  Times. 

StKANDLINIEXS    BeUGGENHKD     UNDEK    StENALDERKN     I    DET    SmoSTLIGB 

XoKGE.  By  W.  C.  Broggee.  AVith  a  German  resume,  1 1  plates, 
2  maps,  and  9  tiguros  in  the  text.  Norges  Geologiske  Vnder- 
sugolse,  No.  4 1 .  Kristiimia,  I  commission  hos  H.  Aschehoug  &  Co. ; 
A.  W.  Broggers  Bogtrykkeri ;   1905. 

AIJE  live  in  an  age  of  zoning,  but  one*  may  be  pardoned  for  feeling 
f  surprise  when  one  reads  of  the  zoning  of  Neolithic  deposits. 
Tho  ])ori()d  embraced  is  geologii^ally  so  short  that  one  might  on  fii*st 
thou^^hts  have  considered  its  subdivision  into  well -characterised  zones 
as  almost  impossible.  Yet  this  is  what  Professor  Brogger  has  done, 
and  it  is  of  this  that  he  gives  us  an  account  in  the  present  volume. 
lie  has  taken  advantage  of  the  rapid  development  of  the  skill  and 
iniliistiT  of  man  at  this  time,  and  has  selected  as  his  zone  fossils  the 
axe-hoads  of  stone  and  flint  which  are  found  in  the  deposits  of  this 
ago.  He  classifies  them  in  certain  types,  according  to  their  peeuliaritifs 
of  form,  and  each  type  he  shows  to  be  associated  with  a  strand-line 
loriiuHl  at  some  stage  of  recovery  from  the  Littorina-Tapes  depression. 
He  is  aided  in  this  by  the  fact  that  tho  inhabitants  of  Norway 
during  the  early  portion  of  the  Northern  Stone  Age  were  fisher-folk, 
and  lived  mainly  on  the  sea-shore.  During  its  later  stages  they 
became  more  and  more  an  agricultural  and  pastoral  people,  and  their 
dwelling-places  being  no  longer  confined  to  the  shore  do  not  aflbrd  so 
exact  a  determination  of  its  level.  Yet  even  in  this  case  it  is 
j)ossible  to  fix  a  limit  for  the  height  of  the  sea  at  that  time. 

A.  general  account  is  given  of  the  Littorina-Tapes  depression  and  of 
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»  strand-lines  formed  during  recovery  from  it.  The  dwelling-places 
(1  other  finds  of  stone  axes  are  then  described  and  classified,  and  the- 
rious  types  shown  to  correspond  to  the  different  shore -lines.  An 
'a  of  the  nature  of  the  results  obtained  may  be  gathered  from  the^ 
lowing  brief  summary,  giving  the  height  in  metres  of  the  strand- 
es  at  Kristionia  which  correspond  to  the  several  archaeological 
iges  : — 
End  of  Older  Stone  Age  (rough -hewn  axes  of  *  Niistvet '  type),  sea 

at  70  m. 
End  of  Middle  Stone  Age  (stump-necked  round  axe),  sea  at  55  m. 
End  of  older  part  of  Younger  Stone  Age  (thin -necked  axe),  sea  at 

25  m. 
End  of  Youngest  Stone  Age  (thin-necked  axe  and  shaft-hole  axe)^ 

sea  at  15  ra. 
End  of  Bronze  Age,  sea  at  present  level. 

The  end  of  the  Older  Stone  Age,  or  Nostvet-time,  corresponds 
th  the  maximum  of  the  Littorina-Tapes  depression.  By  comparison 
th  the  amount  of  elevation  which  took  place  during  the  Bronze  Age 
d  Younger  Stone  Age,  the  absolute  durations  of  which  have  been 
imated  by  archseologists  in  centuries,  it  has  been  found  possible  to 
ike  an  estimate  (admittedly  uncertain)  of  the  time  of  the  Littorina- 
ipes  Maximum,  the  date  arrived  at  being  about  5000  B.C. 
One  cannot  give  this  delightful  book  higher  praise  than  to  say  that 
is  just  such  a  work  as  we  have  learned  to  expect  from  the  hand  of 
ofessor  Broggcr.  It  will  be  found  essential  to  all,  whether  geologist* 
archfieologists,  who  are  interested  in  the  historv  of  post-Glacial  time. 

W.  B.  W. 


II. — Xew  Maps  of  the  Geological  Survey  of  Scotland. 

<HE  Survey  has  recently  issued  two  sheets  of  the  Geological  Index 
Map  of  Scotland,  scale  4  miles  to  1  inch  (^  a^aVi-ir).  viz. : 
eet  16  (size  21  by  13J  inclies  measured  over  the  topographical  work), 
.our-printed,  1907,  price  2«.  6//.,  and  Sheet  17  (size  17  by  13  J  inches), 
iour-printed,  1907,  price  2«.  6rf. 

Sheet  16  includes  Wigtonshire,  Kirkcudbrightshire,  part  of  Ayrshire, 
)  south  of  Arran,  and  the  south  of  Kintyre.  In  ascending  order  the 
;ks  shown  are  Metamorphic  liocks  (in  Kint}*re),  comprising  Green 
ds.  Limestone  and  Unditferentiated  Schists  ;  Lower  Silurian  (Arenig, 
andeUo-Caradoc) ;  Upper  Silurian  (Llandovery- Tarannon,  Wenlock- 
idlow);  Old  lied  Sandstone  (Lower,  Upper) ;  Carboniferous  (Calciferous 
ndstone,  Carboniferous  Limestone  Series,  Moor  Rock  (Millstone 
it),  Coal-measures) ;  Trias  (Sandstones,  Marls) ;  Ilecent  (Marine 
i  Fresh-water  Allu\4um,  Peat,  Blown  Sand).  The  igneous  rocks 
J  Volcanic  liocks.  Intrusive  Massive,  including  Granite  ^  (Felsite, 
rphyrite,  Andesite).  (Diorite  and  Hyperite),  Basalt  and  Dolerito 
dykes  and  in  sheets,  Gabbro,^  Serpentine  and  Peridotite,* 
tig^ental,  Agglomerate  in  necks.  Extrusive  Andesitic  Lavas, 
saltic  Lavas,  Tuffs. 

^  Usually  considered  to  be  plutonic. 
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Sheet  17  (next  sheet  to  east  of  Sheet  16)  includes  part  of  Kirkcud- 
hrightshire,  Dumfriesshire,  Koxburghshire  (the  eastern  half  of  the 
town  of  Dumfries).  More  than  half  of  the  area  of  the  map  is  blank 
as  representing  part  of  England.  This  is  a  pity.  The  good  example 
set  in  Sir  A.  Geikie's  Map  of  England  and  Wales  and  in  the  maps  of 
Stieler's  Hand  Atlas  of  giving  full  detail  of  all  the  country  within 
the  sheet  should  have  been  followed.  The  rocks  represented  are 
Lower  Silurian  (Arenig,  Llandeilo-Caradoc) ;  Upper  Silurian  (Llun- 
dovery-Tarannon,  Wenlock- Ludlow) ;  Old  Red  Sandstone  (Lower, 
Upper) ;  Carboniferous  (Calciferous  Sandstone,  Moor  Rock,  Coal- 
measures);  Trias;  Recent  (Marine  and  Fresh-water  Alluvium, 
Peat) ;  Volcanic  Rocks  (Intrusive  Massive),  Granite  (Felsite,  Porphy- 
rite,  Andesite),  Basalt  and  Dolerite  in  dykes  and  in  sheets  (Intrusive 
Fragmental),  Agglomerate  in  necks  (Extrusive),  Andesitic  Lavas, 
Basaltic  Lavas,  Tuffs. 

Compared  with  Sir  A.  Geikic's,  10  miles  to  I  inch,  Geological  Map 
of  Scotland,  the  amount  of  detail  shown  on  these  sheets  with  6^  times 
the  space  is  not  as  great  as  might  have  been  expected. 

B.    HoBSON. 


I. — Geological  Socicty  op  Loxdox. 

April  I7th,  1907.— Sir  Archibald  Geikie,  D.C.L.,  ScD.,  Sec.R.S., 

President,  in  the  Chair. 

Proposed  JSlcction  of  Women  Associates  of  the  Geological  Society  of 
London. — The  President  announced  that  a  Special  General  Meeting 
would  be  held  on  Wednesday,  May  15th,  1907,  at  7.30  p.m.,  for  the 
puq)ose  of  considering  and  voting  on  a  proposed  new  section,  and 
alterations  in  existing  sections,  of  the  Byelaws.^ 

The  following  communications  were  read: — 

1.  *'Th(j  Toadstones  of  Derbyshire,  their  Field  Relations  and 
Petrography."     By  Henry  Howe  Amold-Bemrose,  J.P.,  M.A.,  F.G.S. 

The  district  over  which  the  Toadstones  are  seen  mav  be  divided 
into  three  main  areas  of  volcanic  activitv,  between  which  there  are  no 

exj)osinv.s  of  igneous  rock. 

I.  The  North -"NVcstora  or  Miller'.**  Dale  Area. 
II.  The  South-Eiistom  or  Matlock  Area. 
III.  The  South- Western  or  Tissington  Area. 

In  each  of  these  areas  there  arc  lava-flows,  bedded  tuffs,  and  volcanic 
vents,  and  in  the  ^liller's  Dale  and  Matlock  areas  several  intrusive 
sills.  In  the  Miller's  Dale  and  Matlock  areas  the  igneous  rocks  arc, 
with  the  exception  of   the  Hopton  vent,   entirely  in  the  Mountain 

'  May  L^th.  1907.  At  the  Special  General  Moetinjf  held  on  this  day  the  proMMed 
new  Ilyelaws  tor  tin*  Ehction  oi  Women  A'^soeiatcs  were  submitted  to  the  Fellows, 
and  ntter  an  aniniateil  (lis«u«<'«ion  the  ])ro|)osition  was  put  to  the  vote  and  lost; 
32  Fellows  votinj:  for  anil  31  ajirainst  the  motion. 
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Limestone ;  but  in  the  third  area  they  are  mostly  in  the  Yorcdale 
Shales,  and  lava  plays  only  a  subordinate  part.  In  the  Miller's  Dale 
area  the  upper  lava  is  the  thicker,  and  extends  over  a  greater  district 
than  the  lower,  while  in  the  Matlock  area  the  converse  is  true.  In 
the  former  area  the  lavas  are  separated  by  about  150  feet  of  limestone, 
in  the  latter  by  about  80  to  100  feet.  The  upper  lava  of  Miller's. 
Dale  is  on  a  lower  horizon  than  the  lower  lava  of  Matlock,  and  the 
limestone  above  it  contains  at  least  two  bands  of  intorbedded  tuff. 
The  lavas  are  vesicular  and  amygdaloidal  in  structure,  and  often  very 
much  decompose<l.  They  contain  olivine,  augite,  and  felspars, 
magnetite  and  iron-oxide ;  the  felspars  are  often  present  in  two- 
generations.  The  sills  are,  for  the  most  part,  ophitic  olivine  dolerites, 
and  pass  from  a  very  coarse-grained  dolerite  through  the  intervening 
stages  into  a  fine-grained  dolerite  or  busalt ;  they  are  similar  in 
structure  to  certain  Tertiary  dolerites.  The  following  vents  ai*e 
described  : — In  the  north-western  area,  those  at  Speedwell,  Monks 
Dale,  and  Gallon  Hill;  in  the  south-east,  at  Cracknowl.  the  Grange 
Mill  vents,  Ember  Lane,  Moor  Lane,  and  the  Hopton  vent;  in  the 
south-west,  Kniveton  Wood  Cottage,  Woodeaves,  and  Wibben  Hill. 
The  majority  of  the  vents  are  composed  of  volcanic  agglomerate ;  but 
the  Calton  vent,  near  Miller's  Dale,  is  a  typical  basalt  with  a  small 
portion  of  agglomerate,  and  the  Hopton  vent  is  a  breccia  of  basalt 
fragments.  The  Toadstones  have  all  been  mapped  on  the  6-inch 
scale,  and  petrological  accounts  of  the  different  rocks  are  furnished. 

2.  **Data  bearing  on  the  Age  of  jSiagara  Falls."  By  Professor 
Joseph  William  Winthrop  Spencer,  A.M.,  Ph.D.,  F.G.S. 

The  author  has  been  engaged  in  investigations  for  a  monograph 
on  Niagara  Falls,  to  be  published  by  the  Geological  Suney  of  Canada. 
Soundings  at  all  the  points  of  great  changes  in  the  Gorge  have  been 
successfully  undertaken,  borings  were  put  down  for  the  exploration 
of  buried  valleys,  and  instrumental  surveys  made  of  the  original  river 
banks  and  the  physics  of  the  stream.  The  mean  recession  of  the 
crest-line  of  the  Falls  is  found  to  be  4*2  feet  a  year  under  existing 
conditions,  and  this  rate  has  approximately  obtained  for  227  years. 
But  this  rate  will  not  give  the  age  of  the  Falls,  on  account  of  former 
great  variations  in  tlie  volume  of  the  river  and  in  the  height  of  the 
Falls  themselves.  The  chief  change  in  volume  of  water  depends  on 
the  fact  that  originally  Lake  Erie  alone  was  discharged  over  the  Falls, 
when  the  supply  of  water  was  only  15  per  cent,  of  the  present 
discharge.  Lake  Ontario,  too,  stood  at  a  higher  level,  and  thus  the 
cutting  back  from  Queenstown  to  Foster's  Flats  was  effected  with 
a  small  water  discharge  and,  at  first,  a  low  head.  After  an  uplift 
which  raised  the  crest  of  the  fall  considerably  above  Lake  Ontario, 
a  slight  depression  followed  which  '  drowned  '  part  of  the  lower  gorge. 
This  cutting  is  calculated  to  have  taken  35,500  years  for  a  distance  of 
14,400  feet.  Above  Foster's  Fiats  the  sudden  widening  indicates  the 
inflow  of  the  other  lakes  into  Erie,  greater  water  discharge,  and 
greatly  increased  rapidity  of  recession.  The  changes  in  height  of  the 
Palls  and  resistance  of  the  rocks  are  examined  in  detail,  an<l  the  small 
influence  of  pre-Glacial  filled  channels  estimated.  The  Whirlpool  is 
on  the  site  where  the  recession  broke  down  the  partition  separating 
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the  head  of  the  Whirlpool  -  St.  David's  buried  gorge,  and  began  to 
empty  out  the  contents  of  this  valley.  The  cutting  with  the  full 
power  of  the  water  of  the  four  lakes  vuried  at  times  according  to  the 
height  of  the  fall,  and  is  calculated  to  have  occupied  only  3,500  years, 
for  the  cutting  back  of  about  4  miles  above  the  head  of  Foster's  Flat«. 
Thus  the  entire  age  of  the  Falls  is  given  as  39,000  years. 


II. MiNKKA LOGICAL    SoCIETT. 

Tucsda}-,  March  19th. — Professor  H.  A.  Miers,  F.R.S.,  President,  in 

the  Chair. 

On  the  silver  deposit  or  Sedgman  lode  in  the  Perran  Mine,  Cornwall, 
by  F.  H.  Butler.  The  lode  runs  through  killas  in  an  approximately 
north  and  south  direction.  The  silver  ore,  consisting  almost  solely 
of  ccrargyrite,  occurs  in  compact  masses,  or  finely  disseminated  in 
a  gossany  limonit<j.  Splintery  and  ferruginous  quartz,  the  **  cab- 
course,"  is  always  a  well -developed  feature  in  the  richest  parts  of 
the  lode.  The  distribution  of  the  cerargyrite,  to  tlie  deptli  of 
18  fathoms  to  which  the  mine  has  been  worked,  is  roughly  in 
accordance  with  the  surface  contour  of  the  land;  but  segregations 
have  also  taken  place  along  a  series  of  lines  running  from  above 
downwards.  The  source  of  the  chlorine,  the  author  suggests,  might 
be  sea-water  that  has  reached  abyssal  regions. — On  the  minerals  of 
the  Silvermines  District,  Co.  Tipperary,  by  A.  Russell.  The  mines 
extend  along  an  east  and  west  line  of  fault  in  which  Silurian,  Old 
Red  Sandstone,  and  Carboniferous  rocks  are  brought  into  juxtaposition. 
Along  its  course  in  ceitain  places  mineralisation  has  taken  place 
resulting  in  contact  lodes  and  metasomatic  deposits.  In  the 
Ballygowan  South  mine  is  an  interesting  occuri'ence  of  hemimorphite, 
the  only  one  of  the  kind  known  in  the  United  Kingdom.  The 
mineral  is  found  in  brilliant  cr}*stals  lining  cavities  in  limonite. 
The  gossan  also  contains  irregular  masses  of  argentiferous  galena, 
partially  altered  to  ceiTUsite.  At  the  Ballynoc  mine  copper  pyrites, 
galena,  and  barytes  form  a  lode  between  walls  of  Silurian  and 
Carboniferous  Limestone.  At  the  Goitnadyne  mine  argentiferous 
tetrahedrite  is  found  with  copper  pyrites  and  cerrusito  (**  cat-tooth 
on^").  An  extensive  scries  of  old  open  workings  of  galena  can  be 
seen  at  the  Shalleo  East  mine. — On  Raddeleyite  from  Ceylon,  by 
G.  S.  Blake  and  G.  F.  Herbert  Smith.  Three  brilliant  crvstals  of 
the  mineral  were  picked  out  from  a  number  of  specimens  of  the 
heavy  minerals  from  the  gem- districts  of  Ceylon  which  were  sent 
to  the  Imperial  Institute  in  1905.  Of  the  three  crystals,  one 
])ossessing  only  the  prism  zone  was  used  for  analysis,  and  found  to 
contain  nearly  99  per  cent,  of  zirronia.  On  the  two  other  crystals, 
one  of  whicli  was  a  twin,  were  observed  eleven  forms,  including  one 
new  one  (210). — Zinciferous  Tennantite  from  the  Binnenthul,  by 
R.  II.  Sollv  and  G.  T.  Trior.  Crvstals  of  tennantite,  one  of  which 
wa"^  a  large  cube,  with  faces  deeply  striated  parallel  to  small 
tetndiedral  faces,  were  found  on  analysis  to  contain  nearly  8  per  cent. 
of  zinc. — On  Striiverite,  a  new  mineral  by  F.  Zambonini  and  G.  T. 
Prior.     This  new  mineral  was  found  in  detrital  masses  of"  pegmatite 
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near  Crareggia  in  North  Piedmont.  Crystallographically  it  is  very 
similar  to  rutile  and  tapiolite  with  uxial  ratio  a  :  c  z=z  0*64o6.  Some 
of  the  crystals  are  elongated  along  the  pyramid  edge  and  are  probably 
twins  similar  to  those  of  ilmcnorutile.  The  mineral  is  black  and 
opaque,  and  has  a  specitic  gravity  of  5-59.  It  contains  titanic  aeid, 
zireonia,  oxide  of  iron,  and  niobic  and  tantalic  acid.  The  result  of 
analyses  suggests  the  formula  3  PeO  (TuNb^)  0.-,  4  ZrOo,  9  TiOa, 
which  may  be  written  as  a  mixture  of  the  three  molecules  Fe 
(TaNbg)  0-,  Ee  ZrOoOg,  and  TiTinOg  in  the  proportion  of  I  :  2  :  3. 
Chemically  it  is  very  similar  to  ilmcnorutile,  but  contains  about 
28  per  cent,  of  ZrOg,  replacing  part  of  the  TiOo. 


PROFESSOR   C.  D.  WALCOTT,  LL.D.,  For.  Mkm.  Geol.  Soc. 

Sir,  —  At  the  annual  meeting  of  the  Board  of  Regents  of  the 
Smithsonian  Institution,  held  on  January  23rd,  1907,  Charles 
Doolittle  Walcott,  LL.D.,  was  duly  elected  Secretary  of  the 
Smithsonian  Institution,  to  succeed  the  late  Samuel  Pierpont  Langley. 

Mklvillk  W.  Fuller, 
Chancellor  of  the  Smithsonian  Institution. 
Smithsonian  Institution,  "Washixoton. 


MRS.  AYRTON'S  THEORY  OF  RIPPLE-MARK. 

Sir, — I  am  grateful  to  Mrs.  Ayrton  for  having  replied  to  my  note 
of  despair  in  the  Magazine  for  Februaiy  last.  Our  sole  object  is  the 
truth  in  a  question  of  small  account  with  physicists,  but  of  great 
importance  te  geologists.  Owing  to  the  action  of  the  Royal  Society 
and  of  the  British  Association  in  having  Mrs.  Ayrton's  new  theory 
present*^  to  the  scientific  public  in  a  demonstration  at  a  conversazione, 
in  a  lecture  to  a  section,  and  in  a  verv  short  abstract  in  the  Proc.  Rov. 
Soc.,  there  is  ne.xt  to  nothing  on  public  record,  as  even  Mrs.  Ayrton*s 
abstract  of  her  British  Association  lecture  was  not  published  in  the 
Beport,  80  there  is  little  to  discuss. 

In  her  letter  Mrs.  Ayrton  writes :  "I  actually  showed  at  the  lecture 
a  series  of  periodically  oscillating  waves  moving  in  one  direction  over 
a  fixed  bottom,  and  expending  themselves  on  a  sandy  shore,  and 
proved  that  under  such  waves  ripples  formed  exactly  as  they  did 
in  the  moving  tank  with  vertical  sides." 

Mrs.  Ayrton*s  own  description  of  this  experiment  is  as  follows:  — 
"I  can  imitate  exactly  the  sand  ripples  on  the  sea-shore  with  water 
running  in  one  direction  only,  if  I  slope  tlie  sand  so  that  the  water 
runs  up  it,  as  it  does  on  the  sea-shore,  and  if  by  means  of  a  paddle 
I  send  a  series  of  waves  along  the  water  in  the  direction  in  which  it 
is  nmning,  if,  in  fact,  I  imitate  the  incoming  tide."  (Abstract,  p.  3. 
Italics  are  mine  throughout.) 

It  is  most  important  to  note  that,  as  stated,  tiu»  ripples  thus  made 
are  like  those  made  on  the  shore,  but  thev  are  dissimilar  from  those 
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made  in  the  tank.  Mrs.  Ayrton  is  explicit  on  this  point.  She  says, 
and  very  truly,  with  reference  to  the  tank,  that  '*  the  sand  has  heaped 
itself  up  in  the  middle  of  the  trough,  having  a  contour  evry  umike 
sea-shoic  ripples."     (Abstract,  p.  4.) 

The  paddle  experiment  made  the  nearest  approach  to  sea-shore 
conditions,  but  it  is  practically  impossible  to  make  oscillating  waves 
of  uniform  period  by  hand,  and  a  paddle  is  a  most  unsuitable 
instrument  for  the  attempt. 

Had  Mrs.  Ayrton  read  a  paper  on  so  novel  a  subject  in  the  usual 
way  there  would  have  been  a  most  valuable  discussion  on  it,  us  there 
were  members  present  of  both  the  British  Association  Committees 
that  have  investigated  ripple-mark,  viz.,  that  on  **  Waves  and  Currents 
in  Estuaries"  and  that  on  ** Terrestrial  Surface  Waves  and  Wave-like 
Surfaces.*' 

In  a  letter  to  the  Magazine  in  December,  1904,  I  pointed  out  that 
all  that  was  needful  was  a  conference  between  Mrs.  Ayrton,  Sir  George 
Dai'win,  Prof.  Osborue  lleynolds,  and  Dr.  Vaughan  Cornish,  and  that 
a  unanimous  report  might  easily  be  arrived  at.  Since  then,  however, 
the  Koyal  Society  have  authoritatively  approved  Mrs.  Ayrton's  views 
on  the  general  subject  of  ripple-mark,  and  have  thereby  inferentially 
disapproved  of  the  aforesaid  eminent  authorities. 
.  I  only  wish  Mrs.  Ayrton  could  be  prevailed  upon  to  experiment 
witii  waves  of  regular  period  running  on  a  beach.  The  original 
suggestion  was  made  by  the  late  Mr.  William  Froude,  F-R.S.  My 
own  small  experiments  did  little,  but  they  showed  how  much  could  be 
done  with  suitable  tanks  and  motors  to  reproduce  marine  phenomena. 

A.  11.  Hunt. 

yiprinot/i,  1907. 


vryTACRixus  in  the  London  basin, 

8iK, — It  may  interest  your  readers  to  know  that  I  have  at  last 
found  Uintacrinus  in  tlio  London  Basin,  near  Orpington.  The 
spociraens  have  been  submitted  to  Mr.  Sherborn,  who  writes : 
*'  I  have  no  hesitation  in  identifying  your  specimens  as  Uintacnnus, 
because  you  send  mo  well-preserved  plates  as  well  as  large  and  small 
arm-ossicles.  Hearty  congratulations ;  you  have  worked  hard  enough 
f<jr  tlio  discovery  of  this  zone."  I  am  now  engaged  in  working  out 
the  area  of  the  exposure.  G.  E.  Diblet. 

Jpnl'2'6rd,  1907. 


OBia?xj-A^i^"3r- 


JOHN    FRANCIS   WALKER,    M.A.,    F.L.S.,   F.G.S.,   F.C.S. 

We  (li'eply  regret  to  record  the  d(?ath  of  our  valued  friend  and 
fellow-worker  in  jreology  for  so  many  years,  John  Francis  Walker, 
who  <lied  ratlier  suddenly  at  his  residence,  45,  Bootham,  York,  on 
2.'5rd  May,  aged  CO.     We  hope  to  give  a  suitable  notice  of  his  work 

next  month. 
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I. — Notes  on  the  Invertebrate  Fauna  op  the  TJitenhaoe   Series 

IN  Cape  Colony. 

By  F.  L.  KiTCHix,  M.A.,  Ph.D. 

(Communicated  by  permission  of  the  Director  of  the  Geological  Survey 

of  Cape  Colony.) 

THE  rich  invertebrate  fauna  of  the  Uitenhagc  Series  has  long 
attracted  attention,  owing  to  the  conspicuous  nature  of  some 
of  its  components  and  the  divergence  of  opinion  which  has  arisen 
in  the  various  attempts  to  bring  it  into  correktion  with  Secondaiy 
faunas  in  the  European  area.  A  recent  examination  of  the  fossils 
collected  from  the  Uitenhage  Beds  by  the  Geological  Survey  of  Cape 
Colony  has  affoixled  an  opportunity  of  reconsidering,  in  the  light  of 
extended  knowledge,  the  conclusions  of  those  who  have  previously 
studied  this  question  of  correlation.  A  comparative  study  of  the 
fauna,  with  an  account  of  some  new  species,  based  principally  upon 
the  materials  collected  by  the  members  of  the  Survey,  will  shortly  be 
contributed  to  the  fourth  volume  of  the  **  Annals  of  the  South  African 
Museum  " ;  but  in  the  meantime,  the  following  brief  notes,  in  which 
are  embodied  some  of  the  principal  results,  may  be  of  interest  to  a  wider 
circle  of  readers. 

The  most  comprehensive  published  accounts  of  the  Uitenhage  Beds, 
including  the  results  of  the  recent  surveys,  are  those  written  by 
Mr.  A.  W.  Rogers  and  Professor  E.  H.  L.  Schwarz.^  As  regards  the 
affinities  of  the  marine  fossils,  the  view  that  these  indicate  a  Lower 
Cretaceous  age  has  been  most  convincingly  upheld  in  the  palaeontological 
studies  of  Krauss  and  Neumayr,'  whose  opinion  is  the  one  which  is 
now  most  widely  accepted.     Sharpe  and  Tate,^  on  the  other  hand, 

*  Rogers  &  Schwarz,  "  Report  on  the  Survey  of  parts  of  the  Uitenhage  and  Port 
Elizabetii  Divisions":  Ann.  Rep.  Gcol.  Coram.,  1900,  p.  3;  Capo  Town,  1901. 
Rogers:  **An  Introduction  to  the  Geology  of  Cape  Colony,"  pp.  281-318,  1905. 
Rogers.  **  Geological  Survey  of  parts  of  the  Divisions  of  Uitenhage  and  Alexandria  *': 
Ann.  Rep.  Geol.  Comm.,  1905,  pp.  15-33,  45  ;  Cape  Town,  1906. 

'  F.  Krauss,  **  XJeber  einige  Petrefacten  aus  der  untem  Kreide  des  Kaplandes"  : 
XoTB  Acta  Acad.  Cres.  Leop.-Carol.  Nat.  Cur.,  vol.  xxii,  pt.  2,  p.  439  ;  Bonn,  1850. 
If.  Xeumayr,  in  E.  Holub  &  M.  Neuraayr,  **Ueber  einige  Fossilien  aus  der 
Uitenhage- Formation  in  Siid-Afrika  " :  Denkschr.  d.  k.  Akad.  Wiss.,  Math.-Nat. 
CUMe,  ]§and  xliv,  p.  267;  Vienna,  1882. 

•  D.  Sharpe,  **  Description  of  Fossils  from  the  Secondary  Rocks  of  Sunday  River 
and  Zwartkop  River"  :  Trans.  Geol.  Soc.  Lond.,  ser.  n,  vol.  vii  (1856),  p.  193. 
R.  Tate,  "On  some  Secondary  Fossils  from  South  Africa":  Quart.  Joum.  Geol. 
Soc.,  ToL  xxiii  (1867),  p.  139. 
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believed  the  fauna  to  be  of  Jurassic  age,  and  their  view  has  until 
recently  continued  to  find  adherents.  A  few  authors  have  suggested 
that  the  series  may  be  in  part  Upper  Jurassic  and  in  part  Lower 
Cretaceous. 

The  great  majority  of  the  invertebrate  fossils  collected  from  the 
Uitcnhago  Beds  consist  of  Mollusca,  and  have  been  obtained  from 
localities  in  the  valleys  of  the  Sunday's,  Zwartkop's,  and  Coega  Rivers. 
A  more  detailed  examination  of  the  fauna  than  that  undertaken  by 
previous  writers  fully  corroborates  Neumayr  s  conclusion  that  a  large 
percentage  of  the  MoUusca  show  affinity  to  Cretaceous  rather  than  to 
Jurassic  forms.  There  is,  moreover,  abundant  evidence  in  support 
of  the  opinion  of  those  who  have  ascribed  to  the  Uitenbage  Series 
a  Lower  Cretaceous  age,  although,  as  might  be  expected,  there  are 
a  few  bivalve  forms  which  bear  a  somewhat  close  resemblance  to 
familii^r  Jurassic  types.  It  will  suffice,  however,  to  mention  the 
presence  of  ITohostephanus  (sensu  stricto),  the  restricted  group  to  which 
V.  Uhlig  and  F.  Suess  have  applied  Pavlow's  name  Aitieria,  typiOed 
ty  IT, astieri anus {d* Orb,);  Bamitet;  Crtoceras;  JBochianiiet;  HopUies 
(sensu  lato),  here  represented  only  by  Aeanthoditeus,  Ulilig,  and 
perhaps  also  Sol^eria,  Uhlig;  Trigonia  of  the* divisions  ScabrsB  and 
Pseudo-quadratse ;  Ptychomya ;  Thetis,  and  Soleeurtut.  All  these,  bo 
far  as  we  know,  ai-e  confined  elsewhere  to  the  Cretaceous  rocks,  and 
taken  together,  they  give  most  decisive  evidence  of  a  Lower  Cretaceous 
age.  In  Europe,  Solcostephanus  (sensu  stricto)  is  almost  wholly,  if 
not  entirely,  confined  to  strata  of  Upper  Valanginian  and  Lower 
Hauterivian  age,  and  this  genus  is  so  richly  represented  in  the 
Uitenhago  Beds  as  to  suggest  strongly  the  soundness  of  a  correlation 
with  this  part  of  the  Neocomian  stage.  It  has  been  frequently  stated 
that  ITolcostephanus  atherstoni  (Shorpe),  a  Uitenhage  species,  actually 
occurs  in  the  Lower  Hauterivian  of  Europe ;  and  although  a  careful 
examination  of  the  evidence  fails  to  bear  this  out,  there  can  be  no 
doubt  that  several  Holcosttphafii  in  Cape  Colony  are  intimately  related 
to  certain  European  forms.  The  remains  of  plants  found  in  the 
Uitenhage  Beds  do  not  give  such  definite  indications  of  geological  age 
as  the  Mollusca,  but  it  will  be  remembered  that  Professor  A.  C.  Seward 
has  expressed  the  belief  that  the  balance  of  evidence  furnished  by  the 
plants  is  in  favour  of  a  Wealden  age. 

It  becomes  a  matter  for  some  astonishment  that  Tate  should  have 
expressed  so  positively  the  opinion  that  the  Uitenhage  fauna  is  of 
Jurassic  character,  and  should  have  arrived  at  the  curious  conclusion 
that  these  supposed  *  Oolites  *  of  South  Africa  represent  the  whole  of 
the  Jurassic  rocks  of  Europe  with  the  exception  of  the  Upper  Oolites, 
and  illustrate  an  intermingling  of  palceontological  types  which  are 
analogous  to,  or  identical  with,  those  distributed  in  successive  zones  in 
Europe.  A  stud}'  of  the  actual  specimens  upon  which  Tate  based 
these  conclusions  shows  clearly  that  he  failed  to  see  the  true  significance 
of  the  Cephalopoda,  and  that  while  making  use  of  some  bivalve  types 
little  adapted  to  serve  the  purposes  of  a  critical  correlation,  he  was 
further  misled  by  several  quite  erroneous  identifications. 

Bestricting  our  attention  to  the  marine  development  of  the  Uitenhage 
Beds,   it  may  be  stated  confidently  that  there  is  no  palssontological 
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evidence  to  show  that  even  a  part  of  the  series  is  of  earlier  age  than 
Keocomian.  Those  very  forms  which,  if  taken  alone,  might  with  some 
justification  have  been  thought  to  indicate  a  Jurassic  age,  occur 
relatively  high  up  in  the  series  in  association  with  shells  of  undoubted 
Neocomian  type.  On  the  other  hand,  some  of  the  more  characteristic 
marine  forms  have  been  shown  by  Mr.  Rogers  to  occur  near  the  base 
of  the  great  Sunday's  River  sections  as  well  as  at  higher  horizons,  and 
to  have  a  much  more  extensive  vertical  range  in  the  series  than  was 
formerly  suspected.  The  closely  similar  nature  of  the  marine  fauna 
found  at  various  horizons,  together  with  other  evidence,  points  to 
conditions  of  relatively  rapid  deposition.  This  unity  of  character,  as 
shown  by  a  study  of  the  whole  fauna,  and  also  the  fact  that  the 
Surveyors  failed  to  find  evidence  for  zonal  differentiation  which  might 
be  utilised  in  establishing  any  scheme  of  palseontological  subdivisions 
in  the  series,  seems  to  indicate  without  doubt  that  a  very  restricted 
time-period  is  represented  by  the  whole  of  the  marine  beds.  In 
considering  the  relations  of  the  fresh -water  beds  to  the  strata  of 
marine  origin,  Messrs.  Rogers  and  Schwarz  have  sufficient Iv  emphasised 
the  part  played  by  rapid  contemporaneous  variation  of  facies,  and  have 
■hewn  how  this  factor  precludes  even  a  broad,  generally-applicable 
elanification,  based  upon  a  consistent  succession  of  fresh-water  and 
marine  beds. 

Representatives  of  the  Lamellibranchiata  largely  preponderate  among 
the  Uitenhage  MoUnsca,  and  many  of  them  provide  data  which  usefully 
cnpplement  the  more  desirable  evidence  a^orded  by  the  ccphalopod- 
types,  in  the  question  of  a  correlation  with  European  standards. 
When,  however,  we  seek  to  trace  relationships  between  the  Uitenhage 
molluscs  and  those  of  Lower  Cretaceous  deposits  situated  in  extra- 
European  regions,  it  becomes  necessary  to  rely  almost  entirely  upon 
the  evidence  of  the  lamellibranchs,  leaving  out  of  account  the  fact, 
recognised  by  Favlow  and  Uhlig,  that  some  of  the  ITolcottephani  of. 
the  Uitenhage  Series  show  near  affinity  to  H,  schenki  (Oppel),  from 
the  Spiti  Shales.  Certain  lamellibranchs,  some  of  which  arc  well- 
characterised  forms,  point  to  the  relationship  which  existed  between 
this  development  <A  the  Neocomian  in  Cape  Colony  and  the  Oomia 
TWy^fiui-beds  in  Cutch,  the  strata  yielding  T.  rentricosa  (Krauss)  in 
the  Qodavari  district  and  in  Hazara,  the  Neocomian  deposits  in  German 
Eftst  Africa,  and  the  Lower  Cretaceous  strata  of  presumably  like  age 
in  Chili,  Bolivia,  and  the  Argentine  Republic.  In  making  these 
comparisons,  important  significance  must  be  attached  to  the  evidence 
of  some  of  the  Trigoni^j  notably  of  the  divisions  Pseudo-quadratae  and 
Scabne. 

F.  Stoliczka,  "W.  Waagen,  0.  Feistmantel,  W.  T.  Blanford,  and 
R.  D.  Oldham,  all  drew  attention  to  the  apparently  close  relationships 
existing  between  some  of  the  bivalves  in  the  Oomia  Reds  of  Cutch  and 
certain  species  in  the  Uitenhage  Series,  and  the  recent  study  of  these 
fsonas  has  shown  that  the  evidence  for  such  relationship  is,  in  truth, 
of  a  very  striking  character.  It  is  well  known  that  a  species  of 
Trigcnia  which  occurs  very  abundantly  in  the  Oomia  Beds  was  referred 
by  the  Indian  geologists  to  T,  ventricosa,  first  described  by  F.  Krauss 
from  the  Zwartkop's  River,   Cape  Colony.    Although  many  of  the 
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Indian  specimens  show  a  rather  less  degree  of  inflation  than  individuals 
representing  the  average  characters  of  the  species  in  South  Africa, 
I  do  not  consider  that  the  points  of  distinction  are  such  as  to  warrant 
specific  separation,  or  even  to  permit  the  certain  recognition  of  I  wo 
well-defined  local  races.  Should,  however,  the  correctness  of  this 
opinion  be  called  in  question,  the  very  close  resemblance  between  the 
shells  ascribed  to  T.  reniricosa,  from  these  widely  separated  habitsits, 
must  retain  the  strongest  significance,  when  viewed  in  connection  with 
the  evidence  for  relationship  between  some  of  the  associated  forms 
in  the  one  area  and  certain  of  those  in  the  other.  Several  bivalves  of 
the  TJitcnhage  Beds,  including  such  specialised  forms  as  Cucul/aa 
krauBsi,  Tate,  and  Seehachia  hronni  (Krauss\  have  very  closely  com- 
parable, and  perhaps  identical,  representatives  in  the  Oomia  group, 
and  a  new  Trigonia  from  the  Sunday's  River  Beds,  belonging  to  the 
specialised  and  short-lived  group  Pseudo-quadratie,  bears  a  close 
resemblance  to  2\  mamtliata,  Eitchin,  a  member  of  the  same  division 
of  the  Trigomaj  from  Cutch.  The  association  of  these  Indian  forms 
with  a  large  Gervillia  which  closely  resembles  Q,  dentata,  Krauss,  has 
already  been  made  known.  The  striking  similarity  between  the 
Trigonioi  of  the  group  of  T.  v-seripta^  Kitchin,  in  the  Oomia  Beds,  and 
the  group  of  T,  vau,  Sharpc,  in  the  Uitenhage  Series,  has  been 
discussed  elsewhere,^  and  while  the  adult  stages  in  the  members  of  the 
two  groups  probably  illustrate  homoeomorphy,  the  presence  of  these 
analogous  forms  only  serves  to  emphasise  the  remarkable  aspect  of 
similarity  shown  when  we  place  side  by  side  the  identical  and 
proximate  types  in  the  faunas  of  these  widely  separated  areas. 
A  review  of  the  evidence  so  far  available  must  certainly  lead  to  the 
inference  that  these  faunas  in  South  Africa  and  India  are  approximately 
contemporaneous,  and  that  the  lines  of  intercourse  between  the  two 
areas  at  that  time  were  probably  much  more  direct  than  was  believed 
by  Neumayr,  W.  T.  Blanford,  and  others,  to  be  the  case.  The 
evidence  for  the  age  of  the  Uitenhage  fauna  is  so  decisive  that  it 
becomes  necessary,  by  means  of  this  indirect  correlation,  to  refer  the 
Trigania-heann^  beds  of  the  Oomia  group  to  the  Neocomian. 

In  the  case  of  the  Neocomian  fauna  in  German  East  Airica  which 
G.  Miiller  believes  to  be  related  to  that  of  the  Uitenhage  Series,*  the 
evidence  is  of  a  somewhat  less  satisfactory  character,  but  I  am  of 
opinion  that  the  indications  arc  sufficiently  clear  to  show  the  correctness 
of  Miiller's  view.  Here,  again,  peculiarly  characterised  Tyigania  are 
a  special  feature  in  the  fauna,  and  some  of  these  recall  Indian  and 
South  African  forms.  For  example,  T,  kuhni\  G.  Miiller,  possesses 
characters  which  appear  to  indicate  relationship  to  Drigonia  of  the 
group  of  T.  van,  Sharpe,  or  the  group  of  T,  v-scripta,  Kitchin,  while 
1\  hcyschlagi,  G.  ^Miiller,  very  closely  resembles  T,  erassa,  Kitchin, 
a  degenerate  costate  form  which  occurs  abundantly  in  Cutch.  Another 
Trigonia  has  been  refen'cd  by  Miiller  to  T,  ventricasa  (Krauss),  and 
a  large  Gervillia  is  very  closely  comparable  with  G»  dentata^  Krauss, 
if  it  is  not  actually  identical  with  it. 

^  F.  L.  Kitchin,  **  The  Jurassic  Fauna  of  Cutch,"  vol.  iii,  pt.  2,  No.  1,  Genu* 
Trigonia,  p.  66  :  Paljcontolojaria  Indica,  ser.  ix  (1903). 

-  G.  Miiller,  • '  Versti'inerungen  des  Jura  und  der  Kreide":  Deutsch-Ost-Airikt^ 
Band  rii,  pp.  514-571 ;  Berlin,  1900.    F.  L.  Kitchin  :  op.  dt,,  p.  121. 
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A  search  for  traces  of  the  characterising  features  of  the  Uitenhage 
fauna  among  the  Lower  Cretaceous  fossils  described  from  South 
America  also  reveals  evidences  of  a  suggestive  kind,  as  recognised 
by  several  authors.  From  the  Belgrano  Beds  in  Patagonia,  T.  W* 
Stanton^  has  described  two  IVigonia  which  at  once  recall  South 
African  forms.  T.  suhventricoBa,  Stanton,  appears  to  be  nearly  allied 
to  T.  ventricoM  (Krauss),  and  T,  heterosciifyta,  Stanton,  not  only 
exhibits  a  x>eculiar  type  of  adult  ornamentation  comparable  with  that 
exemplified  by  T,  vau,  Sharpe,  and  another  related  South  African 
form,  but  its  adolescent  characters  show  that  there  is  in  all  probability 
true  relationship  with  this  group  of  T,  vau.  Here,  again,  in  the 
Belgrano  Beds  is  found  an  associated  GerviUia  of  large  dimensions 
which  does  not  seem  to  be  widely  removed  from  G,  dentata,  Krauss,  of 
Cape  Colony.  From  Chili,  R.  A.  Philippi  has  described  Trigonia 
which  share  the  characters  of  peculiar  sculpture  and  siphonal  pro- 
longation exhibited  by  the  group  of  T.  vau,  Sharpo,  and  are  probably 
related  forms.  The  Tngonia  oi  the  group  Pseudo-quadratse  described 
by  G.  Steinmann,  11.  A.  Philippi,  and  C.  Burckhardt  from  Lower 
Cretaceous  beds  in  Bolivia,  Chili,  and  the  Argentine  Republic,  form 
an  important  connecting  link  with  the  Uitenhage  fauna.  T,  traruitoria^ 
Steinmann,  a  member  of  this  well-marked  group,  occurs  with  significant 
associates  in  the  TVigonia-heds  of  Neocomian  ago  exposed  on  the  left 
bank  of  the  Rio  Agrio  opposite  Las  Lajas,  Argentine  Republic* 
These  beds  yield  another  member  of  this  group  of  Trtgonia,  and  also 
H  species  which  very  closely  resembles  T,  conocardiiformis  (Krauss), 
one  of  the  most  characteristic  forms  in  the  Uitenhage  fauna.  T,  eximia^ 
R.  A.  Philippi,  from  the  Tinguirica  valley  in  Chili,  appears  to  be 
very  closely  related  to  these.  The  Chilian  shells  ascribed  by  Bayle 
and  Coquand  to  Ostrea  couloni  bear  a  considerable  resemblance  to 
Exogyra  imhrieata^  Klrauss,  of  South  Africa,  with  which  Coquand 
himself  later  ventured  to  identify  them.  Accompanying  this  oystet 
in  Chili  is  T.  delafosm,  Bayle  &  Coc^uand,  the  resemblance  of  which 
to  T.  rentricosa  (Krauss)  has  been  remarked  upon  by  J.  Lycett, 
W.  Paulcke,  and  myself. 

From  this  biief  sketch  it  may  be  seen  that  certain  groups  of  bivalves 
which  form  characterising  elements  as  yet  unknown  to  occur  in 
Europe,  have  a  remarkably  wide  distribution  in  a  Neocomian  develop- 
ment of  southern  type.  Thus,  Trigonia:  of  the  group  Eeeudo-quadrataa 
occur  in  India,  Cape  Colony,  and  South  America;  Trigonia  of 
degenerate  costate  tjrpe,  unknown  elsewhere,  are  found  in  Cutoh  and  in 
Grerman  East  Africa ;  Trigoni<B  of  the  groups  of  T.  v-scripta  or  2\  vau 
occur  in  Cutch,  German  East  Africa,  Cape  Colony,  and  South  America ; 
Trigonia  of  the  type  of  T.  ventricosa  are  also  met  with  in  India,  East 
Afnca,  Cape  Colony,  and  South  America ;  the  remarkable  form 
Jl  conocardiiformis  has  a  close  counterpart  in  South  America;  the 
genus  Seehachia  is  known  from  Cutch  and  Cape  Colony,  while  a  species 
of  Cueullaa  which  exhibits  some  striking  distinguishing  features  has 

*  T.  W.  Stanton:  Rep.  Princeton  Univ.  Exped. to  Patagonia,  1896-1899,  vol.  iv, 
pi.  1,  Marine  Cretaceous  Invertebrates,  pp.  18,  20,  1901. 

•  C.  Burokliardt,  **  Beitra^^e  zur  Kenutnisw  der  Jura-  und  Kreidefonnation  der 
CordiUere'* :  Pakcontographica,  Band  l  (1903),  pp.  72-75. 
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a  similar  distributioii,  and,  like  Seehachiaj  is  without  any  near 
representative  in  the  European  area.  The  distribution  of  OerviUue 
of  the  type  of  O.  deniata  and  large  Exogyrte  resembling  E.  imbneata 
may  perhaps  also  be  allowed  to  hare  some  significance  when  oonaidered 
in  relation  to  the  occurrence  of  the  forms  with  which  they  are 
associated. 

These,  in  brief,  are  some  of  the  more  significant  facts  which  must 
be  borne  in  mind  when  we  consider  the  broad  questions  of  distribution 
which  arise  from  a  coraparatiye  study  of  the  XJitenhago  Mollusca. 
Having  regard  to  the  manner  in  which  a  number  of  the  ammonoids 
from  the  Sunday's  Kivcr  Beds  permit  of  dose  comparison  with  related 
European  types,  it  is  surprising  that  these  South  African  forms  or 
even  closely  allied  species  are  as  yet  unknown  to  occur  in  Gutch,  and 
their  apparent  absence  from  the  ^eocomian  deposits  of  Grerman  East 
Africa  and  of  South  America  is  also  noteworthy.  Neyertheless, 
a  study  of  the  TJitenhage  fauna,  undertaken  in  tlie  light  of  fuller 
knowledge,  dispels  the  idea,  put  forward  and  emphasiaed  by 
M.  Neumayr,  that  this  fauna  proclaims  its  isolated  position  by  the 
sharp  contrast  it  shows  to  the  comparable  faunas  of  other  regions,  and 
that  it  may  hence  be  considered  to  support  the  theory  of  an  Indo- 
African  land-barrier  in  early  Cretaceous  times.^  Neumayr  laid  great 
stress  upon  the  contrast  between  the  fauna  of  the  Neocomian 
belcnmite-beds  in  the  north-west  of  Madagascar  and  that  of  the 
XJitenhage  Series.  Even  allowing  that  these  faunas  are  atrictly 
contemporaneous,  which  has  not  yet  been  demonstrated,  it  is  probable 
that  the  difference  of  facios,  as  recognised  by  P.  Lemoine,  would 
alone  suffice  to  account  for  the  contrast.  These  belemnite-beds  in 
Madagascar  probably  represent  comparatively  deep-water  conditions, 
while  the  TJitenhage  fauna  exhibits  a  shallow- water,  littoral  character. 
Since  the  time  when  Neuraayr  wrote,  great  advances  in  our  knowledge 
of  the  occurrence  of  Cretaceous  deposits  in  Madagascar  and  on  the 
neighbouring  African  coast  have  been  made  by  French  geologists,  and 
many  facts  have  now  been  brought  to  light  which  cast  doubt  upon  the 
existence  of  an  effective  barrier  to  migration  between  the  equatorial 
and  southern  waters  to  the  east  of  the  African  continent  in  Cretaceous 
times.  It  may  reasonably  be  asserted  that  the  evidence  derived  from 
a  study  of  the  Neocomian  fossils  of  Cape  Colony  gives  no  support  to 
Neumayr's  view« 

It  is  well  known  that  Neumayr  attached  great  importance  to  the 
occurrence  of  Jielemnites  a/ricanm,  Tate,  in  the  TJitenhage  Series  in 
support  of  his  theory  of  the  distribiition  of  cephalopods  according  to 
climatic  zones.'  He  found  this  form  to  belong  to  a  group  which, 
though  occuiTing  in  the  colder  waters  of  the  northern  hemisphere,  is 
without  representative  in  the  warmer  equatorial  regions.  The  known 
distribution  of  Ilolcostephanxis  (sensu  stricto)  might  be  thought  to 
contribute  in  like  manner  and  with  no  less  force  of  suggestion  to  the 

^  !M.  Xeumavr,  ••  Die  poop^phlsclie  Verbreitung  der  Juraformation  ":  Denkschr. 
d.  k.  Akad.  WiM.  Wien,  Math.-JS^at.  Classe,  Band  l  (1885).  p.  67.  **  Eidgwchichte,'* 
Band  ii,  2ud  cd.,  pp.  259,  261,  295,  296,  529  ;  Leipeic  and  Vienna,  1896. 

2  M.  Ncuma)T,  "Ueber  neuere  Yersteinerungsfunde  auf  Madagascar":  Neues 
Jahrb.  fiir  Min.,  1890,  Band  i,  p.  1. 
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evidence  in  sapport  of  the  broad  principle  laid  down  by  Neumayr,  but 
we  must  hesitate  before  attaching  any  such  significance  to  the  facts. 
Our  knowledge  is  as  yet  very  incomplete,  and,  moreover,  a  body  of 
evidence  relating  to  the  distribution  of  fossil  Cephalopoda  has  now 
been  accumulated  which  casts  the  strongest  possible  doubt«  upon  the 
soundness  of  Neumayr's  theory.^  Facts  set  forth  in  the  writings  of 
S.  Nikitin,  F.  Kossmat,  C.  Burckhardt,  G.  Boehm,  and  other  auUiors 
show  clearly  the  necessity  of  exercising  the  greatest  caution  in 
estimating  the  significance  of  the  Uitenhage  cephalopods  in  any 
general  question  of  distribution.  The  apparent  absence  of  identical 
or  closely  related  forms  from  the  Neocomian  rocks  of  German  East 
Africa  and  of  Cutoh  is  very  probably  owing  to  our  imperfect  knowledge 
of  the  fossil  faunas  in  these  districts  ;  but  if  this  be  not  the  case,  the 
real  absence  of  these  cephalopods  may  possibly  have  been  determined 
by  conditions  of  a  local  natiiro,  in  manner  not  unknown  among  the 
cephalopod-faunas  of  various  geological  horizons  within  restricted  areas 
in  Europe.  The  same  remarks  apply  to  the  Neocomian  faunas  of  South 
America,  which  have  not  yet  been  shown  to  include  any  of  the  South 
African  JBblcostephani  or  related  forms;  but  it  need  scarcely  be 
mentioned  that  the  absence  of  these  Cephalopoda  in  South  America, 
even  though  real  and  not  merely  apparent,  could  not  be  utilized  as 
negative  evidence  in  support  of  5leumayr's  theory.  It  may  be 
remarked,  finally,  that  the  indications  for  relationship  between  the 
bivalve  &unas  of  the  Uitenhage  Series  and  the  Lower  Cretaceous 
deposits  in  South  America  ra&er  tend  to  strengthen  the  view, 
supported  by  other  evidence,  that  an  ancient  land  surface  at  that 
time  connected  the  African  and  South  American  continents. 


II. —  The  Lower  ORnoviciAir  Rocxs  of  ScANDiifAviA,  with  a 
CoxPAiasoN  of  BfiinsH  avb  Scandinavian  Tbemadoc  and  Arsnio 
Rocss, 

By   William   G.   Feahnbidbs,   M.A.,   F.G.S., 
Fellow  of  Sidney  Sussex  College,  Cambridge. 

(WITH   A   MAP,   PLATE  X.) 

(ConclutM  from  the  June  Number j  p.  267.) 

CONSIDERING  now  the  details  of  the  various  districts,  we  notice 
that  in  South  Oland  the  hasal  beds  are  shaly  and  conglomeratic ; 
the  higher  part  is  calcareous,  and  by  increase  in  the  proportion  of  matrix 
passes  into  a  creamj- white  limestone  which  is  wonderfully  fossiliferous 
(0  1  and  C).  The  highest  beds  are  again  glauconitic,  soft,  and  shaly. 
Northward  the  proportion  of  calcareous  material  diminishes,  and 
a  band  of  shale  with  Shumardiay  whose  lithologj  and  fossil  content 
agree  with  that  of  the  Ottenby  Ceratopyge  shales  below  the 
nnconformity,  is  interstratificd  ..with  the  Hraestone.  This  bed  is 
opite  inconstant,  but  in  Central  Oland  another  shale  band  containing 
iuloma  occurs  low  down  in  the  limestone.  Beyond  Borgholm  ^  5  and 
0  6)  all  limestone  disappears,  and  only  glauconitic  shale  separates  the 

^  H.  Keumayr,  **  XJeber  klimatische  Zonen  wahrend  dor  Jura-  und  Kreidezeit '' ; 
DeBkschr.  d.  k.  Akad.  Wiss.  Wien,  Matb.-Kat.  Classe,  Band  xlvii  (1883),  p.  277. 
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alternating  of  Bictyonema  shale  and  Ohglus  conglomerate  from  the 
Orthoceran  limestone  above.  In  Central  Olund  the  glauconite  shales 
and  Ceratopygekalk  attain  their  maximum  thickness  of  nearly  seven 
feet,  but  in  the  north  are  again  reduced  to  little  more  than  one  foot. 

In  Vestergtitland  the  detailed  succession  is  particularly  variable. 
Fossils  are  abundant,  especially  in  the  dark  pyritous  limestone  of 
Hunneberg  and  Halleberg  (W6),  where,  however,  only  the  very 
highest  beds  of  Brogger's  i3<i7  (Kl)  seem  to  be  represented,..  At 
KinuekuUe  ( W  2)  the  succession  is  much  the  same  as  in  South  Oland, 
and  the  creamy  limestone  is  equally  fossiliferous.  The  passage  up  at 
both  these  places  takes  place  through  alternations  of  shales  and  lime- 
stones, and  well-preserved  Arenig  graptolites  can  be  found  within  a  foot 
of  the  Ceratopygckalk.  In  the  south  of  Falbygden  (W  4  and  AV  6)  the 
beds  are  less  than  three  feet  thick,  and  the  limestone  and  glauconite 
alternate  with  thin  bands  of  pale- green  shale  like  the  graptolite 
shales  above.  At  Klefva  on  Mosseberg  the  whole  division  is  lednced 
to  a  single  inch  of  glauconitic  sand  or  shale,  and  the  PhyUo^aptui 
angustifoliuB  of  the  higher  scries  can  be  obtained  within  three  inches 
of  tine  specimens  of  an  early  type  of  Bictyonema,  Near  Skofde  ( W  3), 
in  the  noi*them  part  of  this  district,  a  most  unusual  bank  of  amorphous 
blotchy  limestone,  20  inches  thick  and  without  Korrosionsgruppar, 
separates  the  two  feet  of  glauconitic  limestone  from  the  shales 
above.  About  Berg  (El)  in  Ostergotland  the  Glauconiteskiffer  is 
unconsolidated  and  very  like  the  *  slubber'  from  the  washing  of 
Cambridge  Greensand  ;  the  green  limestone  above  is  like  the  upper 
limestone  of  KinnekuUe,  and  must  represent  a  veiy  high  Ceratopygc- 
kalk hoiizou. 

In  Xerikc  the  Ceratopy(je  beds  have  been  said  to  l>e  missing.  Shales 
with  Shumardia  are  described  by  Wiman  ^  as  occurring  some  distance 
above  the  basal  glauconitic  marl.  The  b(»ds  hero  show  well-marked 
Korrosionsgruppar,  but  ai'e  nfcrred  by  Wiman  to  the  Planilimbaten- 
kalk,  so  the  question  must  bo  regarded  as  still  suhjudice, 

Glauconitskiffer  have  already  been  mentioned  as  occurring  among 
the  drift  of  (iefle,  where  thev  contain  the  rich  fauna  described  bv 
Wiman  (Bl). 

In  Dalariio,  as  seen  in  tho  liettvig-Vicarby  railway  cutting,  the 
Obohfs  ApoUiniH  conglomerate  i)asses  up  into  rather  finer  but  similarly 
constituted  beds  containing  niucli  glauconite.  These  are  some  three  or 
four  f»'('t  thick,  and  are  overlain  by  a  six-inch  bed  of  loose  glauconite  sand 
and  another  six  inches  of  green  limestone  with  Korrosionsgruppar  and 
S}/mpJn/sun(8j  which  in  my  opinion  mu^t  he  tlie  Ceraiopyge  beils  of 
the  eountrv.  Thev  are  sucreeded  bv  some  seven  feet  of  betls  in 
which  limestones  with  Kor^o^siousgl•uppar  developed  to  perfection 
are  interbedded  with  tliin  shales  which  yielded  me  ill -preserved 
Shumardia,  and  with  them  such  indications  of  graptolites  that  I  w;is 
cninp(dled  to  I'cfer  thtjui  to  the  rhyllogra[»tusskiffer  above.  Wiman, 
however,  in  his  latest  ])a[KT.  (i.F.F.S.,  Xovember,  1906,  has  shown 
that  a  %1'ahpytjc  fauna  is  developed  both  here  and  at  several  other 
places  in  Dalarne. 

*  *•  Kin  Shuni.inlia-ichieft.r  l)ei  Lanuii,"  in  Nerike.  Arkiv  for  Zoologi  Kglsv.  Vet.  Ak. 
St  111.,  1«J0.>. 
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C.  The  Didymograpfm  Shahs  and  Orthocerkalk. 
Coming  now  to  deposits  Avhich  all  are  agreed  to  place  within  the 
Ordovician  svstem,  1  can  add  but  little  to  what  has  been  already 
published.  The  graptolitic  equivalents  of  the  Arenig  or  Skiddavian 
groups  of  England  have  been  ably  discussed  by  Professor  Tornquist  in 
Sweden*  (C)  and  by  Br.  Lapworth  and  Miss  Ellea-  in  this  country. 
The  present  generation  of  Swetlish  geologists  (SI)  seems  agreed  in 
calling  these  by  Moberg's  name,  the  JJidymograptusskiifer  (S5),  just 
as  it  also  unites  the  graptolitic  equivalents  of  Llandeilian  and 
Caradocian  under  Tomquist's  Dicellograptusskiffer.  (iraptolitic 
deposits  are,  however,  not  the  only  type  of  Ordovician  sediments  in 
Scandinavia,  and  though  in  Kristiania,  Hunneberg,  and  the  greater 
part  of  SkSnc  the  lower  half  of  the  Arenig  is  wholly  graptolitic,  the 
ealcareous  deposits  of  the  more  eastern  provinces  must  not  be  forgotten. 
These  limestones  have  long  been  known  as  the  Orthocerkalk  or 
Orthoceras  limestone,  but  until  comparatively  recently  th(<y  have  only 
been  classified  by  their  colour,  and  the  fact  that  they  come  in  at  lower 
and  lower  horizons  as  we  pass  eastward  until  in  Gland  they  represent 
the  whole  of  the  lower  as  well  as  the  middle  and  upper  Arenig  seems 
to  have  been  overlooked.  Taking  those  calcareous  deposits  first,  we 
may  not«  the  modem  palaeontological  classification  due  to  Moberg  and 
applied  by  Hedstrom  &  "Wiman  (0  1)  to  the  island  of  Oland — 

Ancistroceraskalk,  with  a  Llandeilo  trilobite  fauna. 
Centauruskalk,  with  Ilhenxis  ceniaurus,    Ogygia  dilatata,  etc.,  and 

Didymograptue  geminus. 
Platyuruskalk,  with  Asaphus  phitijurw^  EchinosphieriteSf  Lituites, 

and  many  trilobites. 
Gigaskalk,  with  Megalaspis  gigas. 
Upper  Asaphuskalk,   with  a  rich  but  undescribed  fauna  of  small 

trilobites,  Orthoceras  tolerably  common. 
The  Sphajronite  Bed,  built  up  of  Sphferonites  pomum. 
Lower  Asaphuskalk,  with  an  oxoeedinj*  rich  fauna,  includini^  some 

24  species  of  trilobites  and  a  Phyllograpfus. 
Limbatenkalk,  with  many  Jftga/aspis  limhata^  Endocerai,  Orthoceras^ 

Gasteropoils,  etc. 
Planilimbatenkalk,  with  JfcgalnspiM planilimhafa,  Xiohc,  Sijmphysurus, 

and  several  other  genera  common  to  the  Ceratopyjrckalk,  into 

which  it  passes. 
The  corresponding  classification  of  the  gra])tolitic  deposits  due  to 
Tiimquist   ((j)  and  applied   by   Tornebohm  &   llennig   (S  1)    to  the 
locks  of  Skiine  is — 

Upper  Didymograpius  shales : 

{b)  Zone   of   Didymogrtij^fnfi  geminus,    in    wliieh    Diprionidian 

gi'aptolites  become  abundant ; 
{a)  Zone   of   Phylhgrapina    cf.   iypm,    in   whitli  Diprionidian 

graptolites  are  very  rare  ; 

*  "NAgra  aumarkningar  om  vestni  Europas  Kambrwkii  och  Siluri'^ka  Kt>rt>loiri'*  : 
^'.P.P.S.,  1889,  p.  299. 

'0.  L.  Elles:  **The  Graptolit.^  Kamia  of  the  SkiiMaw  Slatt^  "  (Q.J.G.S.. 
1898,  p.  463);  "Some  Graptolito  Zoues  iu  the  Aruuiic  Uocks  ol  Wulos,"  1904, 
Ortptolites,  parts  1  and  2  (Pal.  So:.). 
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Lower  Didymograptus  shales : 

{d)  Zone  of  Isograptus  gibherulus  (Nich.),  with  AfLygogmptut 

suecictu  and  DidynwgraptuB  hirundo ; 
(c)  Zone  of    Fhyllograptm  demua  (Tqt.)  =  P,   angmtifoiiui^ 

with  Bidymograptua  pranuntitM  and  many  long  range 

species ; 
(b)  Zone  of  Didymograpius  halticm  (Tbg^y  with  D.  vaciUam, 

D,  filiformis,  and  many  other  species ; 
{a)  Zone  of  Tetragraptus  phyllograptotdes  (Linrs.),  with  2).  uftdu- 

lattdus,  D,  geometricuSj  D.  consiriettUy  etc. ; 
the  lowest  member  of  which  passes  down  also  continuously  into  the 
Ceratopygekalk.  Owing  to  the  interstratification  of  the  OrUiooerkalk 
of  ScS.ne  between  the  lower  and  upper  Didymograpius  shales  it  is 
probable  that  the  time  value  of  these  various  zones  is  somewhat 
unequal.  According  to  Hennig  (S  1)  it  is  probable  that  the  limestone 
belongs  wholly  to  the  Gihherulus  zone,  and  as  it  would  seem  that  it 
represents  some  part  of  the  Limbatenkalk  and  Lower  Asaphuskalk  of 
Gland,  it  must  follow  that  the  lower  zones  a,  h,  and  c  are  together 
the  equivalent  of  the  Flanilimbatenkalk  and  lowest  Limbatenkalk  only. 
In  Yestergotland  we  obtain  further  evidence  in  the  aame  direction, 
and,  further,  are  able  to  follow  the  easterly  thinning  of  the  graptolite 
beds  most  beautifully.  At  Hunnebcrg  only  dark  graptolitic  shales 
occur  beneath  the  trap,  and  these  to  a  thickness  of  about  35  feet 
represent  the  two  lowest  zones  with  Tetragraptus  phyUograptoidss  and 
Didymograptus  halticus.  At  KinnekuUe  the  shales  are  greener,  but 
here  it  is  found  that  the  32  feet  measured  includes  the  zone  with 
Phyllograptus  d^mus  as  well  as  the  two  lower  zones.  Here  too  it  can 
be  seen  that  the  P.  demus  zone  passes  up  by  alternations  into  the 
glauconitic  base  of  the  local  Limbatenkalk.  At  Klefva  in  Western 
Falbygden  only  10  feet  of  shale  overlies  the  Ceratopygekalk,  which  is 
here  reduced  almost  to  a  line,  while  at  Varnhems,  Kloster,  and 
Skultoi-p,  only  a  little  fui'ther  cast,  only  some  18  inches  of  shale  is 
seen,  and  at  Skiifde  and  Ekedalcn  the  recognition  of  graptolite  shales 
as  partings  among  the  limestone  seems  to  be  purely  theoreticaL 

In  Dalame  the  conditions  are  exactly  comparable  with  those  in 
Yestergotland,  but  here  the  replacement  of  graptolite  deposits  by 
limestones  follows  a  north  to  south  rather  than  a  west  to  east  direction, 
Skattungbyn  being  comparable  with  KinnekuUe,  while  Rattvik  is 
very  like  Skultorp  or  Ekedalen.  The  Orthocerat  limestone  of  Boda  in 
this  district  is  interesting  in  that,  like  the  Leptsenakalk  of  Rattvik,  it 
occurs  as  the  core  of  a  sharp  anticline,  and  has  taken  on  the  crystalline 
structures  characteristic  of  the  so-called  knoll  reefs. 

About  Kristiania  the  graptolitic  facies  is  exceedingly  well  developed 
(10-80  feet)  (K  1),  and  the  calcareous  facies  comes  in  at  an  horizon 
somewhat  higher  than  at  any  Swedish  locality.  Unfortunately  the 
subdivision  of  these  shales,  3^  of  Brogger,  has  not  been  worked  out, 
but  their  highest  bed  seems  to  contain  the  equivalents  of  the  Didynuh- 
graptus  htfidus  zone  of  Arenig.  Again,  the  overlying  Megalaspiskalk 
(3c  n)  belongs  to  the  Limbatenkalk,  the  Expansusskiffer  (807)  being 
equivalent  to  the  Oland  Asaphuskalk,  and  the  'true'  Orthocerkalk 
(Scy)  to  the  Gigaskalk  of  the  same  district.     Higher  beds  in  this- 


nr.  O.  Feam9ide% — Lower  Ot'dovician  Roek%  of  Scandinavia.    299 

district  become  ahaly,  and  with  Ogygia  dilatata  and  other  Llandeilian 
forms  contain  DidjfmograpUu  geminm. 

The  Boundary  between  Cambrian  and  Ordovician  Systems. 

Summarily,  then,  we  may  say  that  the  main  stratigraphical  features 
of  the  Scandinarian  Tremadoc  and  Arenig  rocks  arc  inconsiderable 
thickness  and  heterogeneity.  Their  lowest  beds,  like  other  members 
of  the  Alum  Shale  Series,  preserve  a  character  so  uniform  that  beds 
hardly  more  than  a  foot  thick  can  be  recognized  in  districts  five 
hundred  miles  apart.  The  question  of  the  contemporaneity  or 
otherwise  of  Dietyonema  shales  with  parts  of  the  Ceratopyge  shales 
remains,  but  the  equivalence  of  Dietyonema  shales  and  Obolue  con- 
glomerate seems  practically  certain.  The  existence  of  the  Obolus 
conglomerate  interstratified  among  Dietyonema  shales,  the  break 
between  Dietyonema  or  Ceratopyge  shales  and  overlying  glauconitic 
beds,  and  the  numberless  lines  of  contemporary  erosion  within  the 
latter,  all  seem  to  preclude  the  possibility  of  any  of  these  beds  having 
had  a  truly  deep-water  origin.  The  wide  distribution  of  individual 
species  of  organisms  and  the  comparative  thinness  of  the  beds  must,  on 
the  other  hand,  most  certainly  point  to  a  state  of  great  uniformity,  and 
possibly  to  very  open-water  conditions.  The  replacement  of  the 
graptolitic  Arenig  mudstones  of  the  west  by  the  comminuted  calcareous 
organic  deposits  which  form  the  eastern  limestones  with  their  ripple- 
marks  and  worm-tracks  is  further  evidence  in  the  same  direction, 
and  would  seem  to  show  that  the  eastern  districts  were  at  that  time 
areas  of  considerable  tectonic  instability.  All  these  stratigraphical 
considerations  have  doubtless  had  their  infiucnce  in  determining  for 
the  Swedes,  who  in  such  matters  arc  essentially  a  nation  of  palaeon- 
tologists, at  what  horizon  they  shall  separate  the  first  or  Cambrian 
from  the  second  or  Ordovician  system,  and  as  the  facts  have 
accumulated  but  slowly,  a  settlement  of  the  question  has  been  equally 
gradually  evolved.  A  brief  historical  summary  of  the  process  may 
perhaps  be  of  interest. 

In  1854  Angelin,'  following  Barrande's  idea  that  geological  systems 
are  to  be  defined  as  definite  stages  of  pal8eontolon:ical  evolution, 
determined  that  rocks  containing  a  predominance  of  Olenid  trilobites 
shall  in  Sweden  be  termed  Cambrian,  while  those  with  a  corresponding 
abundance  of  Asaphids  shall  belong  to  the  Lower  Silurian  (Ordovician). 
In  1869  Linnarsson  (Wl)  further  developed  the  same  idea,  and 
placed  the  **  Regie  Ceratopygarum  *'  within  the  Ordovician.  About 
the  same  time  also  Linnarsson  began  to  make  use  of  the  graptolites  to 
mark  8ubdi\'ision8  within  systems  already  constituted,  and  in  so  doing 
decided  to  group  the  Dietyonema  beds,  which  at  that  time  were  not 
known  to  contain  trilobites,  with  the  lithologically  similar  Alum 
Shales  of  the  Cambrian.  In  1881  Brugger(K  1)  in  Norway,  following 
Kjerulf  and  Linnarsson,  placed  the  Ceratopygokalk  (3^7)  within  the 
Ordovician,  and  on  the  evidence  that  underlying  Ceratopyge  shales  {Sa  f^) 
and  beds  with  Symphysurtu  incipiem  (3a  a)  both  contain  Asaph  id 
trilobites,  gi'ouped  the  three  together  as  Ceratopyge  beds  at  the  base 
of  the  OrdoYician,  and  again  left  the  Dietyonema  beds  as  the  highest 

»  N.  P.  Angelin:   •  *  Palscontolooria  Scandinavica,"  1852,  1854. 
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member  of  the  Cambrian.  In  1890  Moberg,-  having  found  the 
Dictyonema  shales  of  Gland  passing  upwai-ds  imperceptibly  into 
Shuniardia  shales  with  Ceratopyge  fauna,  tried  to  include  these 
Ceratopyge  shales  along  with  the  Dictyonema  beds  in  the  Cambrian, 
and  to  begin  the  Ordovician  above  the  lithological  break  or  uncon- 
formity at  the  base  of  the  Glauconiteskitfer.  More  recently, 
however,  he  discovered  the  bands  of  Alum  Shales  with  Ceratopyge 
shale  fauna  interstratified  among  Ceratopygckalk  above  the  break, 
aud  having  also  in  1898  discovered  the  Ordovician  types  of  trilobites 
within  the  Dictyonema  shales  of  Sandby  (S3),  has  been  compelled  to 
abandon  that  view.  In  1900,  therefore,  he  states  (0  4)  that  the 
Dictyonema  shales  are  merely  a  graptolitic  facies  of  the  Ceratopyge- 
skifPer,  and  as  such  must  with  them  be  included  within  the  Ordovician. 
This  seems,  moreover,  to  bo  the  view  now  held  by  all  Scandina^'ian 
geologists,  and  if  we  can  agree  (1)  that  there  are  no  true  natural 
bouudaiies  of  worldwide  application,  (2)  that  geological  systems  at 
first  broadly  suggested  may  become  on  further  knowledge  mere 
matters  of  convenience.  (3)  that  the  best  boundaries  are  those 
conventional  faunistic  lines  which  are  most  easy  to  define  and  trace, 
we  too  shall  probably  adopt  the  same.  By  adopting  the  Dictyonema 
horizon  we  give  ourselves  the  oppoitunity  of  utilizing  to  the  full  the 
earliest  known  readily  recognizable  fossil  of  pelagic  and  probably 
planktonic  habit  which  is  known  to  be  preserved  among  all  dasses  of 
sediment  and  in  many  and  distant  parts  of  the  world,  while  by 
grouping  the  Dictyonema  beds  with  the  Ordovician  we  exclude  any 
considerable  developments  of  graptolites  from  the  Cambrian,  and  place 
a  horizon  which  for  multitudinous  profusion  of  graptolitc  individuals 
is  unsurpassed  in  the  system  of  graptolitic  predominance.  If,  however, 
wc  continue  to  maiutiiin  that  the  old  ill-constituted  Tremadoc  Slates 
must  remain  a  series  either  at  the  top  of  the  Cambrian  or  base  of  the 
Ordovician  we  become  involved  in  all  sorts  of  difficulties,  and  are 
quite  unable  to  ascertain  any  corresponding  boundary  either  up  or 
down  among  these  well-studied  Scandinavian  rocks. 

Comparison  with  British  Rocksi 

Having  now  stated  generally  the  main  features  of  the  Scandinavian 
Canibro-Ordovician  succession,  1  propose  biiefly  to  compare  our  British 
rocks  with  the  corresponding  members  of  that  succession,  and  in  so 
doing  will  consider  Biitish  rocks  also  in  the  order  of  their  superposition. 

The  newest  Welsh  rocks  comparable  with  the  Alum  Shales  are  the 
Upper  Dolgelly  ( jroup ''  or  Black  Band  of  the  Upper  Lingula  Flags. 
Thc-^e  include  the  zone  of  Sph xerophthalmus  and  Orthis  lenticularis 
below  and  the  zone  of  Peltura  scarabaoid^^  above.  They  are  not  more 
than  ten  times  as  thick  as  their  Scandinavian  equivalents,  and  except 
for  cleavage  and  absence  of  calcareous  (orsten)  material  might  very 
well  be  the  hardened  representative  of  beds  with  Scandinavian 
lithology.  Their  faunistic  assemblages  and  succession  are  also  similar, 
and  they  preserve  their  character  unchanged  along  the  whole  of  their 

*  "  Oni  en  aldelnin^  inom   Glands   (lictyonemaskiffer  Si'isono  motsrarighet   till 
Ceratopvgeskiffern  in  Xorj^e"  :  S.G.U.,  ser.  C,  No.  109. 
»  BeltT  Oeol.  Mao.,  1867,  p.  538. 
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known  outcrop.  The  less  altered  Upper  Black  Shales  of  Malvern ' 
and  tho  Upper  Oldbury  Shales  of  Stockiiigford  *  are  even  more 
Scandinavian  in  aspect. 

The  Lower  Tremadoc  Slates  *  or  JViobe  beds/  on  the  other  hand,  have 
nothing  in  common  with  any  Scandinavian  rock  I  have  seen.  They 
occupy  the  stratigraphical  position  of  the  Acerocare  zone  of  that  area, 
but  are  not  known  to  contain  anv  of  the  fossils  chunicteristic  of  that 
zone.  As  discussed  in  my  Arenig  paper,*  the  change  of  lithology  at 
their  base  is  very  abrupt,  and  in  the  absence  of  other  evidence  may, 
I  think,  have  brought  tho  new  Asapliidian  fauna  into  power  in 
Britain  before  the  corresponding  displacement  of  Olenids  took  place 
in  Scandinavia.  It  was  for  this  reason  that  I  sought  so  carefully  and 
laid  so  much  stress  upon  the  discovery  of  the  Asaphidian  genera 
Niohe^  SymphymruSf  audMcffalaspis  within  the  middle  and  upper  parts 
of  the  Acerocare  zone  of  Sandby,  Jerrestadt,  and  Krekling,  and  I  claim 
that  the  existence  of  these  genera  at  such  a  horizon  puta  the  strati- 
graphical  correlation  of  the  Niobe  beds  of  Britain  with  the  Acerocare 
zone  of  Scandinavia  upon  a  firm  pala)ontological  basis. 

The  Obolus  bed  mentioned  in  mv  discussion  of  tho  Shineton  Beds  of 
Penmorfa  *  and  there  grouped  with  the  Lower  Tremadoc  is  very  like 
the  Obolus  sandstone  at  the  base  of  the  Dicfijonema  shales  of  Oster- 
gotland,  and  is  better  considered  as  the  basal  member  of  the  British 
Dietyonema  shales. 

The  Dietyonema  shales  of  Wales  have  a  lithology  which  is  unlika 
any  of  the  Scandinavian  Dietyonema  rocks.  The  Tremadoc  Dietyonema  • 
in  the  Cambridge  Sedgwick  Museum  collection,  like  my  own  from 
Arenig  and  Dolgelly,  have  their  cells  very  badly  preserved,  but  on  the 
whole  are  Dietyonema  rather  than  Dictyograptm.  Their  characteristic 
grouping  in  radiating  colonies  of  four  or  six  individuals  is  not  well 
seen  in  any  of  the  Scandinavian  museum  specimens,  but  is  strongly 
suggested  in  the  ill-preserved  examples  from  tlie  lowest  Dietyonema 
beds  of  Krekling  and  Sandby,  and  I  am  of  opinion  that  the  Welsli 
Dietyonema  socials  represents  a  very  low  horizon  within  tho  Dietyonema 
series.  The  Mary  Dingle  (Shropshire)  specimens  seem  to  be  of 
D,  flabelliforme  type,  while  the  Pedwardine  and  Bronsil  shale 
specimens  of  Malvern  include  both  low  and  high  types.  The  Merivalo 
specimens,  so  far  as  I  know  them,  are  indeterminate. 

Of  other  graptolites  we  may  ])robably  consider  the  Clonoyraptus  or 
Bryograptus  of  Shineton  as  equivalent  to  the  lower  Ceratopyge  shales 
of  Norway  and  Chnograptm  and  D.  ywrvegicus  beds  of  Fagclsang,  but 
of  the  position  of  the  Barf  slabs '  with  Bryograptus  I  do  not  feel  so 
certain. 

The  main  fossiliferous  horizon  of  British  Tremadoc  rocks,  which 
includes  beds  just  above  and  just  below  the  Tai  Herion  Flags  of 

»  Croom :  Q.J.G.S.,  1902,  p.  39. 

'  Ijapworth,  "  Geology  of  Birmingham  Di**trict "  :  Proc.  Geol.  Assoc,  1898,  p.  3.37. 

'  liam.«aY,  "  Geology  of  Xorth  Wales  '*  :  Geol.  Sun*.  Memoir,  vol.  iii. 

«  Feanwides :  Q.J.G.S.,  190;). 

*  Rep.  Brit.  Assoc,  1902,  p.  614. 

•  D.  soeiaUf  Salter:  Appendix  to  Ramsay's  '*  Geology  of  North  Wales"  (Geol. 
Surv.  Memoir),  vol.  iii,  p.  331. 

'  Marr  :  Geol.  Mao.,  1894,  p.  122. 
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Arcnig,*  the  Belswaidine  locality  at  8hineton,'  and  the  Pen  llorfa 
Post  Office  beds'  near  Tremadoc,  has  much  in  common  with  the 
liighest  CeratopygeskifPer  of  Kristiania.  The  fact  that  they  also  yield 
Dikellocephaluiy  Cheirurua,  and  Ampy x-like  forms,  however,  also 
connects  them  with  the  tme  Ceratopygekalk,  and  on  the  whole  we 
may  say  that  they  belong  to  the  horizon  where  Shumardia  is  most 
abundant. 

Of  the  Upper  Tremadoc  Slates*  with  Angelina,  which  are  known 
only  about  the  Tremadoc  estuary,  I  can  say  little,  except  that,  like  the 
Niohe  beds  below,  they  are  totally  unlike  any  Scandinavian  series 
I  have  seen.  As,  however,  in  Wales  they  overlie  the  Shumardia 
horizon  and  have  a  considerable  thickness  we  must  conclude  that  they 
too  represent  some  part  either  of  the  upper  Ceratopygekalk  or  of  the 
basal  portion  of  the  Planilimbatenkalk,  but,  if  so,  difference  of  lithology 
must  account  for  a  very  great  difference  in  fauna. 

The  Ogygia  marginata  and  Peltura  punctata  beds  of  Caermarthen- 
shire  *  I  am  unable  to  correlate,  but  would  suggest  that  the  Ogygia  is 
probably  a  Megalaspis  and  is  not  very  like  any  known  Tremadoc  or 
Ceratopygekalk  form.  The  NeaeuretuM  beds  of  Dr.  Hicks*  also  have 
more  in  common  with  the  Lower  Asaphuskalk  of  Eastern  Sweden 
than  with  any  older  bed. 

The  unconformity  which  separates  Tremadoc  from  Arenig  rocks  in 
North  Wales  corresponds  to  some  extent  to  the  break  which 
separates  Dictyonema  or  Ceratopyge  shales  from  the  Glanoonitic  beds 
and  Ceratopygekalk  in  Eastern  and  Central  Sweden,  but  oocois, 
I  think,  at  a  higher  horizon. 

Of  reputed  Arenig  rocks  the  graptolitic  beds  have  been  compared 
in  detail  by  Miss  Elles''  with  the  Didymograptus  shales,  and  it  wiU 
here  suffice  to  mention  that  among  these  Skiddaw  Slates  we  have  the 
only  known  British  equivalents  of  the  zone  of  Tetragraptua  phyUo- 
graptoidea  and  a  possible  continuous  passage  up  from  the  Tremadoc. 
In  Wales  the  lowest  Arenig  horizon  is  not  lower  than  the  upper  part 
of  the  zone  of  Didymograptua  baltieua,  and  in  North  Wales  probably 
comes  within  the  Phyllograptua  cf .  denaua  zone.  The  upward  succession 
above  this  is  continuous,  and  can  be  checked  zone  by  zone  by  means 
of  its  graptolitic  bands.  The  trilobite  beds,  like  those  of  the  Tremadoc. 
arc  not  so  comparable,  and  their  ashy  constitution  seems  to  have  had 
great  effect  upon  the  faunas  which  have  little  in  common  with  those  of 
the  trilobitic  Orthoceraa  limestone.  The  Erwent  Limestone  •  of  Arenig 
and  the  Neaeurelua  beds  of  South  Wales*  have,  however,  a  genend 
aspect  not  unlike  the  Asaphuskalk  of  Oland. 

For  more  general  comparisons  I  will  refer  readers  to  parts  i  and  ii 
of  the  new  monograph  of  the  Swedish  Ceratopyge  region  by  Moberg 

»  Fearnsides:  Q.J.G.S.,  1905. 

2  Callaway:  Q.J.G.S.,  1877,  p.  662. 

»  Fearnsides:  Rep.  Brit.  Assoc,  1902,  p.  614. 

*  Ramsav,  **  Geolojrv'  of  North  AVales  '*  (Geol.  Sur%'.  Memoirs),  vd.  iii. 

»  Croftstield  &  Skeat:  Q.J.G.S.,  toI.  Hi  (1896),  p.  523. 

®  Hicks:  Q.J.G.S.,  p.  39,  vol.  xxix. 

'  EUes:  Geol.  Mao.,  1904. 

«  Fearnsides:  Q.J.G.S.,  1905. 

'  Hicks:  Q.J.G.S.,  vol.  xxijt,  p.  39. 
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and  Segerberg  so  often  alluded  to  above  (C),  and  to  the  suggestive 
papers  by  I3rogger  on  tbe  Euloma  Niohe  fauna,*  and  by  Kudemann  on 
the  Dictyonema  shales  of  !N^ew  York  State.* 

In  conclusion,  therefore,  I  maintain  that  within  the  Canibro- 
Ordovician  transition  series  of  Britain  and  Scandinavia  we  are  able  to 
recognize  with  certainty  the  following  common  horizons — (E)  zone  of 
hograptus  gihherulus  =  zone  of  Didymograptus  hirundo ;  (D)  zone  of 
J)idt/mograptu8  halticm  =  base  of  zone  of  Didymograptun  fxUnsus ; 
(C)  base  of  Ceratopygekalk  =  Shumardia  beds ;  (B)  base  of  Dietyo- 
grapfus  shales  =  zone  of  Dictyonema  sociale ;  (A)  zone  of  Peltwra 
scarabaoides  =r  zone  of  Peltura  scarabaoides ;  but  that  no  one  of  these 
marks  any  distinctive  forward  step  in  the  evolution  of  the  trilobites. 
If  trilobites  must  be  retained  as  the  basis  of  systematic  classification, 
it  becomes  necessary  to  begin  the  Ordovician  system  somewhere  within 
the  Acerocare  zone  6f  Sweden  and  at  the  base  of  the  Niohe  beds  of 
Britain.  This,  however,  I  think  would  be  qidte  unsatisfactory,  and 
I  would  urge  that  instead  we  follow  the  lead  of  the  SeandinaTiun 
geologists  and  agree  to  separate  the  Cambrian  and  Ordovician  systems 
in  such  a  way  that  the  Dictyonema-hemxi^  beds  may  be  included  with 
the  rest  of  the  graptolites  within  the  latter. 


III. — North  No&folk  Geology  :  The  Chalk  and  its  Dislocaiiov. 

By  Sir  Henry  H.  Howgrth,  K.C.I.E.,  F.R.S.,  F.G.S. 

(Concluded  from  the  June  Number,  p,  277.) 

MR.  CLEMENT  REID'S  explanation  of  the  broken  and  contorted 
condition  of  the  Chalk  seems  to  me  quite  incomprehensible.  .  Let 
us  analyze  the  position  rather  more  closely.  The  champions  of  ice 
as  the  cause  of  the  phenomenon  we  are  discussing  appeal  to  it  in 
two  forms — ice-sheets  and  icebergs.  Mr.  Reid  was,  I  believe,  the 
originator  of  the  notion  that  the  dislocations  of  the  Norfolk  Chalk 
were  due  to  an  ice-sheet,  which  means  an  ice-sheet  occupying  the 
North  Sea. 

I  should  like  to  quote  a  sentence  or  two  from  the  Survey  Memoir 
on  t}ie  country  round  Cromer  in  support  of  this  statement.  We  are 
there  told  that  **at  Trimingham  the  chalk  has  been  forced  by  glacial 
action  much  above  its  normal  height  '*  (op.  cit.,  p.  3).  Again,  speaking 
of  the  difficulty  of  ascertaining  the  entire  thickness  of  the  Cretaceous 
rocks  at  Trimingham,  we  read,  **  Owing  to  the  disturbance  from  glacial 
action  and  other  causes  no  very  satisfactory  dips  can  be  obtained  on 
the  coast"  (op.  cit.,  p.  5). 

On  p.  82  of  the  same  memoir  Mr.  Reid  claims  that  he  was  the 
first  who,  in  1880,  suggested  that  the  disturbances  in  question  were 
caused  by  the  pressure  of  tJie  ice-sheet,  which,  during  the  gnreatest 
intensity  of  the  cold,  probably  filled  the  bed  of  the  North  Sea  and 
ploughed  up  large  masses  of  chalk,  driving  them  laterally  into  the 
beds  (Geological  Magazine,  1880,  pp.  65-66).    This  view  was  still 

^  Nyt  Maj^  fur  Naturvidcnsk.  Kristiania,  1896. 

»  New  York  SUitc  Museum,  Bull.  69,  p.  934,  1903. 
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maintained  by  Mr.  Reid  in  his  Survey  Memoir,  in  which  he  urged 
that  it  was  the  only  one  which  would  fully  explain  the  facts 
;id.,  p.  114). 

The  postulate  of  a  North  Sea  ice-sheet  seems  to  me,  as  it  has 
always  seemed  to  me,  the  most  stupendous  unverified  and  unvcniiablo 
premise  that  the  great  adepts  in  such  postulates,  the  glucialists,  have 
produced.  As  a  physical  fact,  and  even  possibility,  it  is  absolutely 
scouted  by  every  physicist  before  whom  I  have  put  it  for  criticism, 
and  this  includes  some  of  the  most  distinguislied  in  these  realms; 
and  it  is  astonishing  that,  in  view  of  this  hypothesis  traversing  very 
(elementary  physical  laws,  it  should  continue  to  be  put  forward  by 
geologists  without  the  smallest  attempt  to  justify  its  possibility. 
Note  especially  Mr.  Lamplugh's  extraonlinory  appeals  to  it  in  various 
ways  down  to  the  address  he  lately  gave  at  York. 

It  is  not  only  the  physicists,  however,  who  object  to  this  particular 
sample  of  professedly  scientific  appeals  without  scientific  justification. 
Pettersen  and  other  Norwegian  geologists  have  conclusively  shown 
that  if  there  was  a  North  Sea  ice-sheet  it  could  not  have  come  from 
Western  Norway,  since  it  is  perfectly  plain  from  the  distribution  of 
the  erratics  that  the  Norwegian  ice  never  even  reached  the  string 
of  islands  that  fringe  the  Norwegian  coast. 

Such  an  ice-sheet,  if  it  existed  at  all  then,  could  only  have  been 
composed  of  frozen  sea-water  like  that  on  ponds  and  lakes,  and  like 
that  in  the  palffiocrystic  sea,  which  does  not  move  as  a  glacier 
moves.  Its  crystalline  stnictun^  is  entirely  different  to  glacier  ice, 
and  it  cannot  be  made  to  shear.  Here,  then,  are  some  very  elementary 
reasons  why  the  North  Sea  ice-sheet  of  Glacial  geologists  has  been 
described  as  a  mere  outcome  of  nursery  science. 

Tliifl  makes  Mr.  Reid*s  appeal  to  it  as  an  alternative  to  the 
Rev.  O.  Fisher  s' appeal  to  the  pressure  of  superincumbent  strata 
a  very  inconsequent  one.  Granting,  liowever,  the  existence  of  such  an 
ice-sheet  (which  I  am  only  prepared  to  grant  as  having  an  imaginary 
existence  in  Cloudland),  how  does  it  servo  Mr.  Keid's  purpose? 
He  seems  to  think  that  an  ice-sheet  could  '*  exert  enormous  lateral 
thrust  or  a  sliding  pressure  from  above."  How  was  this  to  liappen  ? 
Nothing  can  be  plainer,  and  I  have  adduced  abundant  proofs  which 
have  satisfied  physicists  in  more  than  one  of  my  works  that  such  an 
iee-sheet  could  not  move  en  masse  over  a  fiat  or  uneven  surface  for 
more  than  a  very  short  distance.  No  conceivable  impulse  to  cause 
such  a  movement  as  the  thcor}'  of  the  Nortli  Sea  ice-slieet  ro^iuires  is 
forthcoming  which  would  not  crush  the  ice  into  slusli  and  dissipate 
all  its  energy.  Any  movement  in  such  ice-sheets  must  have  been 
molecular  and  not  a  movement  e7i  Masse.  How  is  Mr.  Keid  to  secure 
his  lateral  ])ro8sure  or  his  sliding  ])ressuro  from  above  in  a  mass  of  ice 
moving  molecularly  and  in  which  the  molecules  moved  over  each  other 
St  a  snail's  pace  ?  Perhaps  some  one  who  understands  how  the  end 
ooold  be  compassed  by  the  suggested  means  would  explain  tlie  process 
before  its  possibility  was  so  jauntily  assumed.  Surely  this  stupendous 
premise  should  have  been  veiified. 

To  me  it  is  an  insoluble  mystery  how  such  hypotheses  can  be 
treated  as  science  at  all.     Without   Mr.  lleid's  lateral  pressure,  ice 
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would  merely  act  as  a  mass  of  considerable  ponderability,  pressing  on 
its  bed  like  the  verj'  strata  press  which  Mr.  O.  Fisher  appealed  to,  and 
which  Mr.  Reid  in  his  case  rejects  as  impossible,  with  one  considerable 
element  to  its  disadvantage.  While  it  was  possible  for  Mr.  O.  Fisher 
to  appeal  to  differential  effects  on  the  subjacent  chalk  caused  by 
a  differential  pressure  of  the  superjacent  strata  he  has  piled  np  at 
different  levels,  how  is  it  possible  to  make  such  an  appeal  in  the  case 
of  an  ice-  sheet  whose  pressure  would  necessarily  be  equable  and  not 
differential,  for  its  depth  and  slope  would  be  uniform  if  it  were  made 
in  accordance  with  what  the  facts  require  ?  How,  then,  could  it 
produce  breakages  and  dislocations  in  one  place  and  in  another  pass 
over  fine  layers  of  sand  without  disturbing  them  ?  These  are  a  priori 
objections,  the  kind  of  objections  which  would  occur  even  to  a  school- 
boy, and  which  ought  to  be  faced  before  any  such  theory  is  applied 
to  explain  concrete  facts. 

Let  us,  however,  turn  to  these  concrete  facts.  What  are  the 
phenomena  which  the  ice -sheet  is  supposed  to  explain?  First  the 
meandering  and  wave-like  curves  of  the  chalk  in  certain  places. 
How  is  an  ice-sheet  moving  molccularly  to  bend  a  solid  intractable 
material  like  chalk  into  the  sinuous  and  serpentinous  folds  we  find  here  ? 
It  is  not  merely  the  formation  of  these  serpentinous  folds  that  has  to 
be  explained,  however,  but  if  the  ice-sheet  came  from  the  sea  it  is 
their  existence  at  right  angles  to  the  line  of  march  of  the  postulated 
monster  that  has  to  be  explained.  It  is  for  those  who  make  the 
appeal  to  show  its  reasonableness.  Let  us  now  turn  from  the  contour 
of  the  chalk  to  the  mode  in  which  its  broken  masses  occur.  The 
explanation  of  these  musses  of  transported  chalk  cannot  be  separated 
from  that  of  the  loose  beds  in  which  they  lie  as  they  are  exposed  in 
the  Norfolk  cliffs. 

It  is  not  long  ago  since  the  phenomena  presented  by  the  contorted 
drifts  in  the  Norfolk  cliffs  were  deliberately  and  positively  ascribed 
to  the  action  of  ice.  It  was  ice  which  had  contorted  the  drift,  it 
was  ice  which  had  detached  and  redeposited  the  .chalk  cakes ;  ice  was 
everywhere,  in  fact. 

The  case  looks  very  different  now.  The  first  explanation  to  go 
was  the  biological  evidence.  Everyone,  I  believe,  now  agrees  with 
Mr.  Horace  Woodward  that  the  eyo-called  glacial  shells  in  the  drifts 
on  the  Norfolk  coast  are  derivative — that  they  are  the  fragmentary 
and  remanie  contents  of  the  underlying  Crag  beds,  which  have  been 
further  broken  during  the  portage  and  then  distributed  through  the 
superimposed  clays  and  sands,  and  that  there  are  no  glacial  shells, 
properly  so  called,  to  be  found  in  Norfolk.  This  view  some  of  us 
have  maintained  for  a  long  time,  and  the  chami)ions  of  the  older  view 
that  the  shells  arc  true  glacial  shells,  which  finds  a  prominent  place  in 
some  of  the  Survey  Memoirs  on  East  Anglia,  are  now  reduced  to  quite 
a  small  fraction  of  their  former  number. 

Secondly,  in  regard  to  the  contorted  sands  and  clays  which  form  the 
groat  mass  of  the  drifts  in  the  Norfolk  cliffs,  it  Avasa  heavy  blow  to  the 
older  and  wilder  school  of  glacialists  when  an  American  glacialist  in 
whose  acumen  they  greatly  trusted  and  whose  leadership  they  gladly 
followed,  namely  Mr.  Carvell  Lewis,  threw  over  the  whole  hypothesis 
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in  so  far  as  it  was  directed  to  explain  theso  East  Anglian  drifts.  He 
adopted  virtaally  the  same  views  which  hod  long  been  held  about 
them  by  other  geologists  who  had  the  misfortune  to  be  English  and  to 
have  spent  months  in  their  close  study  instead  of  making  a  mere  casual 
and  rapid  visit  in  a  general  survey  of  the  glacial  phenomena  of  the 
world,  quite  in  the  American  motor-car  style  of  scientific  exploration. 
He  declared  quite  frankly  that  he  saw  nothing  in  these  contorted 
drifts  that  had  any  resemblance  to  ice  action  of  any  kind,  and  more 
recent  visitors  and  critics  have  said  the  same.  These  sorted  and 
laminated  clays,  these  sorted  and  finely  laminated  sands,  tossed  and 
twisted  into  huge  and  re-entering  curves,  have  not  a  single  feature  in 
common  with  the  heterogeneous  so-called  *  muck '  (a  mixture  of  clay, 
sand,  and  stones)  which  forms  the  staple  contents  of  moraines  or  other 
ice  deposits,  and  in  every  cubic  inch  they  bear  the  unmistakable 
impress  of  water  action  upon  them. 

It  is  in  the  midst  of  these  laminated  and  twisted  and  curled  clays 
and  sands,  all  witnessing  the  action  of  water  in  ever}^  cubic  inch,  that 
we  find  deposited  the  cakes  and  vast  polygonal  masses  of  chalk  of 
which  I  have  spoken  earlier ;  and  it  has  been  no  small  proof  of  the 
temerity  of  the  glacial  prophets  that,  notwithstanding  this  patent  fact, 
they  should  not  have  shrunk  from  explaining  the  detachment  of  those 
great  masses  from  their  matrix,  and  their  portage  to  their  present 
surroundings,  by  means  of  ice  of  whose  presence  the  soft  matrix  in 
which  the  chalk  masses  are  embedded  does  not  present  a  trace,  but 
whose  structure  and  contents  are  entirely  inconsistent  with  ice  action. 
Many  of  the  more  reasonable  glacialists  admit  this  fully. 

Although  they  have  been  stunned  and  baffled  by  the  overwhelming 
case  against  them  in  regard  to  the  sandy  and  clayey  matrix  of  the 
chalk  masses,  the  writers  in  question  still  hold  on,  however,  to  their 
Deus  ex  machina  in  respect  to  theso  latter,  as  if  it  were  possible  to 
Attribute  the  two  phenomena,  which  occur  together  in  an  inseparable 
conjunction,  to  two  entirely  different  forces  acting  in  an  entirely 
different  way  and  producing  entirely  different  results.  The  critical 
test  is  simple  enough. 

Granting  that  at  the  time  when  the  drifts  were  deposited  the  chalk 
over  the  greater  part  of  Norfolk  was  lying  horizontally  in  an  unbroken 
condition  at  a  much  lower  level  than  it  is  now,  wliich  I  have  shown 
strong  reason  for  concluding,  how  was  an  ice-sheet  when  moving  over 
it  molecularly  at  a  snail's  pace  to  break  this  continuous  chalk,  and 
detach  from  the  matrix,  the  gioat  polygonal  masses,  the  angular 
fragments,  and  long  ribbons  of  table-like  chalk  found  in  the  cliffs? 
As  I  have  shown  at  great  length  elsewhere,  modern  glaciers  do  not 
break  up  their  beds,  although  they  sometimes  traverse  beds  that  had 
been  dislocated  and  broken  by  other  forces  long  before  the  glaciers 
were  there.  A  fortiori  would  the  quite  hypothetical  ice-sheets  fail  in 
such  work,  since  their  motion  was  ex  hypothesi  so  much  more  slow  and 
00  much  more  molecular  in  character  than  that  of  icebergs,  for  they 
had  no  slopes  to  give  them  impulse  and  their  dynamical  energy  would 
virtually  be  reduced  to  zero  when  they  were  planted  on  flat  or  uneven 
surfaces. 

We  must  remember  that,  whatever  the  cause,  the  broken  chalk  in 
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most  cases  shows  no  signs  of  crushing  or  pounding,  but  only  of  actual 
fracture  by  impact.  The  masses  of  chalk  are  angular,  and  have  raw 
and  unworn  edges,  the  result  of  forcible  tearing  and  not  of  crushing, 
and  the  chalk  with  its  layers  of  flint  are  quite  intact  from  end  to  end 
on  the  chalk  cakes.  It  defies  every  suggestion  available  to  me  how 
these  vast  polygons  with  torn  sides  and  edges  (not  detached  along  linw 
of  bedding  or  of  old  joints,  but  right  across  the  solid  chalk  and  the 
flints  it  contains)  should  have  resulted  from  any  form  of  pressure, 
whether  perpendicular  or  acting  laterally.  It  is  even  more  difficult  to 
imderstand  how  the  long  fragile  thin  slabs  and  tables  of  chalk  I  call 
chalk  cakes  (which  are  in  places  still  covered  by  their  original  covering 
of  Crag),  which  have  in^egular  edges,  and  have  their  lower  surfaces 
with  great  pieces  scooped  out  as  if  bitten  out  by  some  primoDval  ogre, 
could  have  been  detached  by  any  instrument  of  the  character  and 
mode  of  motion  of  an  ice-sheet. 

If  the  case  for  causing  the  breakage  and  dislocation  in  question  is 
hopeless  when  it  is  an  ice-sheet  passing  directly  over  the  surface  of 
the  chalk  itself  which  is  postulated,  how  much  more  so  does  it 
become  hopeless  when  the  chalk  was  covered  over  and  padded  with  a 
widespread  soft  cushion  of  Crag  sands  and  clays,  through  which  it 
would  be  impossible  for  the  requisite  dynamical  forces  to  be  conveyed 
at  all,  much  less  conveyed  without  disturbing  the  lamination  of  the 
superincumbent  Crag  beds  ? 

The  breakage  and  detachment  of  the  chalk  masses  and  ohalk  cakes 
from  their  matrix  is  not,  however,  the  only  puzzle  in  these  cases  which 
seems  utterly  to  baffle  all  the  ingenuity  of  the  orthodox  geologists  to 
deal  with  it.  A  much  greater  difficulty  exists  in  explaining  the  removal, 
the  lifting  up  to  great  h(fights,  and  the  redeposition  as  we  find  them 
in  the  contorted  drifts  of  these  cliffs,  of  these  masses  and  cakes  of  chalk. 

There  is  a  small  school  of  glacialists  who  have  absolutely  forsworn 
all  appeals  to  elementar}'  physics,  who  have  argued  that  vast 
sheets  of  ice  moving  very  slowly  over  enormous  distances  of  flat  or 
uneven  groimd  can  not  only  break  up  their  beds  but  drag  up  out  of 
their  sockets  the  debris  they  have  formed,  like  a  dentist  drags  teeth 
out  of  our  unwilling  gums.  This  tooth-drawing  process  is  a  postulate 
quite  after  the  fashion  of  glacialist  logic.  I  have  examined  and 
criticized  it  at  length  in  my  two  last  works.  What  I  wish  to  say 
here  is  thtit  even  if  small  angular  boulders  or  polygonal  blocks  could 
be  tlius  extnictcd  from  the  be<ls  on  which  they  lie  by  a  mass  of  ice 
which  is  meanwhile  i)re8sing  down  on  them  with  the  weight  of  many 
tons  to  the  yard  (a  process  like  that  of  a  man  lifting  into  mid-air  the 
chair  on  which  he  is  sitting),  it  is  surely  beyond  the  reach  of  the 
wildest  credulity  to  suppose  this  could  be  done  with  cakes  of  chalk 
several  hundred  yanls  long,  or  vast  polygonal  masses  in  which  chalk 
quarries  have  actually  been  opened.  The  whole  process  seems  a 
meclianical  nightmurc,  and  it  passes  human  understanding  how  men 
have  dared  to  enunciate  it  as  a  rational  scientific  explanation  of  their 
difiicultics.  The  mere  dnigging  out  of  their  matrix  and  detachment 
of  the  chalk  masses,  however,  is  not  all  that  has  to  be  explained. 
They  have  been  carried  in  some  cases  far  from  their  original  site,  and 
in  all  cases  seem  to  have  been  carried  some  distance  and  redeposited. 
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This  portage  and  rodeposition  are  assuredly  the  most  insolnhlc  cruces 
I  all  to  the  champions  of  '*  omnipotent  ice."  Granting  that  the  chalk 
as  broken  and  the  pieces  lifted  from  their  sockets  by  some  force  or 
bher,  how  conld  ice  take  up  these  vast  masses  and  fragile  slabs  of 
3alk,  with  sand  and  gravel  attached  to  them»  still  retaining  their 
riginal  delicate  lamination?  First,  as  to  the  portage.  When  a  glacier 
irries  stones  like  some  of  these  angular  chalk  masses  (which,  be  it 
^membercd,  are  of  every  shape  and  size  down  to  the  smallest  chalk 
ibble),  it  can  only  do  so  on  its  back.  It  is  thus  the  anguhir  erratics 
!  Greenland,  Norway,  and  Switzerland  are  being  carried  now.  liut  in 
\  these  cases  there  is  no  difficulty  in  accounting  for  the  presence  of  the 
locks  on  the  back  of  the  glacier.  They  luive  in  all  cases  been  detached 
t)m  peaks  projecting  above  the  ice,  and  have  rolled  down  upon  its 
ick.  The  present  case  is  veiy  different.  There  is  no  question  of 
pojecting  peaks  of  chalk  detaching  portions  of  themselves,  and  of  these 
itachcd  pieces  rolling  down  upon  the  ice,  for,  as  we  havci  set?n,  when 
ley  were  formed  by  the  breakage  and  dinlocation  of  the  chalk  beds 
lose  beds  were  covered  with  Crag  containing  un weathered  shells  still 
;  #//«£,  showing  that  they  were  lying  at  the  bottom  of  the  sea.  How 
>uld  an  ice-sheet  traversing  the  Xorth  8ea  (if  such  a  postulate  is 
Msiblc  out  of  a  nurseiy  story)  transfer  from  the  bottom  of  that  sea 

its  own  back  great  cakes  of  chalk  still  covered  with  shelly  Crag 
tds,  and  with  their  long  bodies  uu cracked  and  intact,  is  indeed 
puzzle :  as  great  a  puzzle  as  it  would  be  to  push  a  nuiu])er  of  eggs 
.rough  the  steel  plate  of  an  ironclad  without  breaking  their  shells 
•  disintegrating  their  yolks. 

If  the  ice-sheet  did  not  carrv  tlie  chalk  ctikes  and  other  debris  on 
J  back,  but  underneath  it,  as  the  advot^atcs  of  morainrs  profondes 
gue,  the  puzzle  seems  even  givatctr,  for  it  could  luu'dly  fail  to  roll 
.e  smaller  masses  and  to  round  tlie  angles  of  all.  There  is  virtu.dly 
>  rounding  or  weathering  visil)le,  however,  but  all  are  intact.  Such 
»rtage,  agiiin,  would  scrape  otf  the  Ci*sig  wliich  (rovers  some  of  them 
id  would  break  up  its  contained  shells  into  powder,  for  it  is  clear 
.at  if  ice  ean  move  stones  underneath  its  ])e«l  icfwn  trtnyJIinfj  orcr  Itrel 
'ound,  which  I  dispute,  and  have  written  a  great  deal  to  disprove. 
can  only  have  done  so  by  its  lower  layers  dragging  along  th(?  debris 
iderlyingthe  ice.  Such  a  process,  when  all  nioveuK'Ht  iu  the  ice  was 
olecular  only,  and  the  pace  so  slow  that  its  rate  is  not  appreciable 
I  the  senses,  seems,  however,  quite  inr-redibh*.  Where  the  motive 
pce  was  to  be  derived  from  to  enable  a  very  intangible  internal 
ovement  of  ice  particles  in  an  ice-.<heet  to  move  along  vast  masses 

chalk  many  thousands  of  tons  in  weight,  by  dragpjing  them  un<ler- 
nath  its  mass,  is  incomprehensible  to  nie.  That  it  should  have  done 
I  without  rubbing  down  the  sharp  edp;es  oi  these  masses,  or  in  some 
easuro  Aveathering  them,  and  should  not  have  stripped  them  of 
icir  adherent  layers  of  tinely  laminated  and  loosely  agii:regiited  sands 
ith  delicate  shells  in  thorn,  without  destroying  either  laminations 
'  shells,  may  be  pronounced  imi)ossible  until  some  glacialist  has  had 
,e  courage  and  frankness  not  merely  to  shoot  a  wild  hypothesis  at 
IT  heads  but  to  reconcile  it  with  eomnion-sense. 
In  every  way  the  problem  is  faced ;  therefore,  whether  ou  a  priori 
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grounds  or  inductively,  the  explanation  of  the  phenomena  presented 
by  the  dislocation  of  the  Norfolk  Chalk  by  the  agency  of  land  ice 
utterly  fails. 

Let  us  now  turn  to  the  iceberg  theory,  which  still  has  some  powerful 
advocates.  How  icebergs  could  arise  in  the  North  Sea  I  have  never 
been  able  to  realize,  for  the  Norwegian  geologists  have  virtually  shown 
that  they  could  not  have  come  from  Western  Norway.  Nor  do  I  know, 
if  they  could,  how  the  necessary  marine  currents  could  have  arisen 
to  drive  them  hither  instead  of  choking  the  English  Channel  with 
them,  of  which  fact,  if  it  ever  happened,  there  ought  to  be  some 
evidence,  and  I  know  of  none.  The  former  existence  of  icebergs  in 
the  North  Sea  is,  in  fact,  a  mere  unsupported  hypothesis  and  one 
traversing  all  probabilities. 

Granting  the  possible  existence  of  icebergs  in  the  North  Sea,  how 
are  we  to  explain  the  dislocated  chalk  of  Norfolk  by  them  ? 

First,  as  to  the  actual  bending  of  the  chalk  into  its  serpentinous  folds 
in  some  places  and  its  breakage  in  others.  How  these  phenomena  are 
to  be  traced  to  iceberg  action  I  have  never  seen  explained.  When 
icebergs  are  floating  they  cannot  of  course  reach  the  bed  of  the  ocean 
to  break  or  dislocate  it.  When  they  come  to  anchor  in  shallow  water, 
as  they  do  sometimes,  they  do  not  rise  and  fall  with  the  tide.  They 
are  much  too  heavy  to  do  that,  so  that  bumping  by  icebergs  is  not  to 
be  thought  of.  All  that  they  can  do  in  the  dynamical  way  is  to  rock 
to  and  fro;  but  this  process,  or  even  bumping  if  it  were  possible  on 
a  slight  scale,  would  not  roll  the  chalk  in  sitH  or  the  chalk  cakes 
into  meandering  curves,  nor  detach  those  vast  polygonal  masses  as  big 
as  churclies  from  a  solid  matrix  many  hundreds  of  feet  thick,  nor  would 
or  could  it  similai'ly  detach  ribbons  and  cakes  of  chalk  requiring 
an  enormous  tearing  force ;  a  fortiori  would  it  fail  to  do  this  when 
the  masses  and  cakes  of  chalk  were  covered  with  the  laminated 
sands  and  clays  of  the  Crag  and  yet  not  disturb  their  lines  of  deposit, 
and  under  any  circumstances  the  detached  masses  would  not  be 
un weathered  and  unworn  as  we  find  them.  Nor  can  we  in  this 
behalf  overlook  the  very  wide  extent  of  country  over  which  these 
detached  chalk  masses  have  occurred,  not  only  very  far  from  the 
present  sea  but  very  far  from  any  probable  sea  margin  in  Pleistocene 
times. 

Suppose  the  breaking  of  the  chalk  were  explained,  the  detachment 
of  the  great  masses  from  their  matrix  by  tearing  them  up  by  the  roots 
out  of  their  sockets  seems  an  utterly  impossible  process  to  attribute  to 
icebergs,  which  under  certain  conditions  may  squeeze  and  press  with 
great  force  but  cannot  simulate  the  tooth -drawing  process. 

Lastly,  how  were  icebergs  to  convey  the  masses  when  broken  and 
detached '?  Icebergs  cannot  gather  up  material  which  lies  beneath 
them  and  transport  it.  When  in  water  their  temperature  is  too  high 
to  enable  them  to  be  frozen  fast  to  their  unstable  anchorage.  The 
only  way  we  can  suppose  that  the  vast  and  most  fragile  ribbons 
of  combined  Chalk  and  laminated  Crag  were  gathered  up  by  icebergs 
is  either  that  they  squeezed  them  into  their  substance  by  pressing  on 
them,  which  they  could  not  do  without  crushing  their  delicate  arrange- 
ment, or  carried  them  on  their  backs ;  but  how  is  it  possible  for  submerged 
masses  of  chalk  detached  from  chalk  beds  lying  at  the  bottom  of  the 
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water  where  the  icebergs  were  floatmg  to  be  lifted  on  to  the  back 
of  any  iceberg  ?  A  notion  that  has  been  gravely  propounded,  namely, 
tliat  they  rolled  down  from  exposed  cliffs,  ignores  the  wide  area  of 
inland  country  far  from  any  coast  where  they  occur,  and  the  utter 
want  of  evidence  that  there  were  either  clins  or  scarps  of  chalk 
available  from  which  the  masses  could  have  been  detached.  On  the 
contrary,  as  we  have  seen,  the  most  notable  of  the  chalk  masses, 
namely,  the  chalk  cakes,  still  have  the  i^emains  of  the  Crag  sea  in 
which  they  lay  attached  to  them,  and  we  have  no  evidence  whatever 
that  any  of  the  Chalk  in  Norfolk  was  above  the  sea-level  when  the 
dislocation  took  place. 

It  seems  plain,  in  fact,  that  ice  in  any  form,  cither  as  an  ice-sheet  or 
as  icebergs,  could  not  have  dislocated  and  distributed  the  chalk  masses 
as  we  know  them.  The  hypothesis  is  at  every  point  inconsistent  with 
the  facts. 

This  virtually  means  that  no  known  cause  acting  from  above  the 
Chalk  was  competent  to  produce  the  observed  effects,  and  we  are 
necessarily  limited  to  the  only  alternative  cause,  namely,  some  sub- 
terranean force  of  great  energy.  Such  a  force  is  the  one  whose 
destructive  ruin  we  so  often  witness  on  a  limited  scale  in  contem- 
porar}*^  earthquakes.  As  has  been  shown,  eai*thquakes  are  marked 
by  actual  waves  of  energy  passing  through  the  solid  ground, 
as  similar  waves  pass  through  the  water,  and  which  have  the 
tendency  and  result  when  the  energy  is  sufficiently  potent  to  curve 
the  strata  through  which  they  pass  into  a  series  of  anticlinal  and 
synclinal  curves,  such  curves,  in  fact,  as  we  find  in  the  Chalk  of 
Northern  Norfolk  and  as  we  find  on  a  mucli  greater  scale  in  the 
Xorth  and  South  Downs.  While  this  particular  phenomenon  of  the 
present  contour  of  the  Norfolk  Chalk  seems  quite  inexplicable  by 
any  exercise  of  force  from  above,  it  seems  completely  explainable 
by  those  earth-waves  which  accompany  earthquakes,  and  to  wliich 
the  most  orthodox  geologists  are  quite  anxious  to  appeal  when  it  is 
a  question  of  explaining  the  arched,  twisted,  and  torn  condition  of 
the  cr}-stalline  rocks  of  primitive  times.  It  seems  extraordinary  that 
professed  Uniformitarians  should  be  so  loath  to  apply  the  kvssons  of 
those  early  geological  times  to  the  Pleistocene  age. 

The  result  of  such  a  movement  in  dense  beds  of  stratified  material 
like  chalk  must,  when  the  tension  was  sufficiently  great,  have  caused 
a  vast  breakage  of  the  beds,  and  the  broken  masses  would  have  the 
raw  edges  and  torn  surfaces  we  notice  in  the  chalk  masses.  Not  only 
so,  but  it  seems  to  me  it  is  the  oulj^  conceivable  way  in  which  the 
tabular  masses  of  chalk  with  the  stratified  material  adherent  to  them 
could  have  been  detached  from  the  main  mass  of  the  chalk.  The 
process  would  resemble  the  homely  one  of  the  detachment  of  a  con- 
centric layer  from  an  onion  by  lateral  pressure.  All  pressure  or 
pounding  from  above  must  necessarily  have  smashed  up  such  fragile 
materials  beyond  recognition. 

So  much  for  the  only  reasonable  explanation  of  the  bending  and 

breaking  of  the  Chalk  of  Norfolk  which,  as  it  seems  to  me,  is  available. 

Let  us  now  pass  on  to  anotlier  chapter  of  the  story,  namely,  that 

connected  with  the  transport  and  redisposition  of  the  chalk  masses. 

As  we  have  seen,  the  Chalk,  when  the  dislocation  and  breakage  took 
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place,  was  in  all  pi-obability  lying  horizontally  at  the  bottom  of  the 
sea,  with  the  Crag  shells  living  upon  it  or  in 'its  covering  mud.  If 
this  was  so,  and  I  cannot  see  how  the  case  for  it  can  be  answered,  it 
is  not  merely  possible  or  probable  but  it  is  absolutely  certain  that 
when  the  dislocation  of  the  chalk  took  place  vast  tidal  waves  would  be 
caused  in  the  superincumbent  sea,  similar  to  but  on  a  much  greater 
scale  than  the  monster  tidal  waves  in  the  Pacific  induced  by  earth- 
movements  such  as  are  known  in  Java,  South  America,  and  Japan. 
This  I  have  always  maintained. 

Granting  the  existence  of  these  vast  tidal  waves,  which  great 
physicLsts  and  mathematicians  of  the  first  rank  like  Hopkins  and 
J3abbage  freely  appealed  to  as  vera  causte  of  great  dynamical  effects  in 
geology,  we  at  once  have  an  efficient  cause  for  the  removal  and 
portage  of  these  vast  masses  of  solid  material  in  almost  any  form  or 
shape  or  size,  the  carrying  power  of  water  under  these  conditions  being 
only  limited  by  the  quantity  and  speed  of  the  liquid  in  motion. 

We  have  no  occasion,  therefore,  to  appeal  to  transcendental  ice  ages 
or  ice-sheets  or  to  forms  of  ice  acting  contrary  to  all  known  forms  of 
ice  and  supposed  to  have  played  a  quite  impossible  jugglery  with  the 
laws  of  matter,  but  we  have  at  our  command  a  perfectly  inductive 
proof  suppoitcd  at  every  point  by  the  phenomena  to  be  explained,  as 
well  as  by  the  known  physical  qualities  of  matter. 

The  a  priori  postulate  here  involved,  as  I  have  said,  is  consistent 
with  all  the  phenomena  to  be  explained,  and  especially  with  the 
conditions  under  which  the  chalk  masses  occur  in  the  Norfolk  clitfs. 
The  position  of  these  included  masses  in  the  soft  beds  in  which  they 
lie  makes  it  plain  that  the  condition  of  tlic  sands  and  clays  cannot  be 
treated  as  a  separate  phenomenon  from  that  of  the  great  masses  and  cakes 
of  chalk.  These  latter  lie  in  laminated  sands  prtjcisely  like  in  character 
to  the  laminated  sands  which  overlie  them,  and  neither  the  laminations 
above  nor  below aredisturbed.  AVhen,  again,  the  great  masses  of  chalk  are 
more  or  less  globular  or  lenticular  in  shape,  the  laminations  fold  round 
the  outlines  of  the  contained  masses,  showing  that  the  formation  of 
the  lamina;  was  contemporary  with  the  deposition  of  the  chalk  masses. 
Again,  the  laminations  in  tlie  clays  and  the  loams  are  in  places 
continuous  with  those  in  the  sands,  showing  that  all  the  contxjuts  of 
the  cliffs  form  one  substantial  phenomenon. 

What  is  ])lain  beyond  measure  is  that  these  laminations  could 
not  have  been  made  by  any  substance  so  rigid  as  ice  and  working  in 
the  fashion  that  ice  works  (utliiT  in  glaciei*s  or  icebergs.  Everybody 
admits  that,  and  I  do  not  know  anybody,  in  fact,  who  would  now  argue 
that  the  stratification  and  lamiiue  in  question  were  due  to  any  other 
cause  but  water.  Inasmuch  as  the  chalk  masses  and  chalk  cakes 
are  found  at  all  levels  from  the  foot  of  the  clitfs  to  their  summit  and 
are  found  deposited  under  the  conditions  already  described  it  is  cle.ir 
that  water  action,  and  water  action  alone,  can  be  invoked  for  the 
building  up  of  the  ])ed  of  which  the  clitfs  afford  us  a  st^ctional  view: 
and  if  so,  it  is  plain  that  the  masses  of  chalk  and  chalk  cakes  can  only 
have  been  cami'd  to  where  they  are  found  and  redeposited  by  water. 
It  is  water  alone  which  could  have  let  them  gently  settle  upon  finely 
stratified  beds  of  sand  and  clay  without  disturbing  the  laminations. 


s 
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IV. — AuSTKALIAy    PaLJ-ONTOLOGISTS   on    SlLlTRTAX    OPHIURIDS. 

By  F.  A.  Bather,  M.A.,  B.Sc,  F.G.S. 

OME  interesting  Ophiurids  from  the  ^Eelboumian  rocks  of  Victoria 
are  described  by  Mr.  F.  Chni)man  in  Part  viii  of  his  vahiablo 
series  of  articles  on  "  New  or  littlo-known  Victorian  fossils  in  the 
National  Museum"  [Melbourne]  (Proc.  llov.  Soc.  Victoria,  n.  scr., 
vol.  xix,  p.  21  ;  Feb.,  1907). 

First  Mr.  Chapman  gives  a  fresh  interpretation  of  tlie  fossil  originally 
described  by  Dr.  J.  W.  Gregory  as  Protanter  hrisitigoidea  (Gkol. 
Mao.,  Dec.  Ill,  Vol.  VI,  p.  24 ;  188'J),  and  subsequently  made  by 
him  the  genotype  of  his  new  genus  SlurtzHra{VvoQ.,  Zool.  JSoc.  London, 
1896,  p.  1033;.  1897).  It  appears  that  the  fossil  described  by 
Dr.  Gregory  was  an  imprint  in  sandstone,  and  that  the  true  structure 
is  therefore  revealed  by  a  Avax  squeeze,  now  taken  from  a  similar 
imprint.  Thus,  the  ridge  d(.»scribed  by  Dr.  Gregory  turns  out  to 
be  a  canal,  and  the  ambulacral  ossicles,  instead  of  ])eing  sub([uadrate, 
are  really  boot-shapt.'d,  and,  in  the  opinion  of  ^Ix.  Cliapman,  closely 
approach  those  of  Protaster  bi/orifij  Gregory.  Mr.  Chapman  tlicre- 
fore  replaces  the  species  in  Protaaier,  The  specimens  studied  by 
Dr.  Gregory  are  in  the  l^ritish  Museum  (regd.  K.  13U00-E.  13006). 
Since  no  holotypc  was  definitely  selected  by  Dr.  Gregory,  the  original 
of  his  figures  1  and  2  (regd.  E.  loOOO),  is,  with  his  concurrence, 
hereby  selected.  Examination  of  this  and  some  of  the  other  specimens 
enables  me  to  confirm  Mr.  Chapman's  in ti»rp rotation  in  a  genend  way, 
though  not  OS  regards  the  precise  shape  of  the  ossicles.  The  paratypes 
of  Proiaiter  hriiingoide%  (British  Museum,  E.  13001-0)  probably 
include  more  than  one  species. 

Dr.  C.fregory  also  referred  to  his  genus  Siiirfzum  the  spec  ies  Profaafcr 
Uptosoma^  Salter.  Mr.  Cha])nian  gives  a  diagram  of  the?  arm -struct  uif 
in  this  species,  based  on  a  s[)c«.*iiiien  from  Leintwanline,  in  the 
National  Museum,  ^Eellwurne;  and  in  conformity  with  Dr.  (iregory's 
interpretation,  he  reganls  it  as  of  distinct  generic  type  from  Protastcr. 
He  then  proceeds  to  say  that  since  Prota^trr  hrifiiunoideH,  the  tyj)e  of 
Sturtzuray  proves  after  all  to  be  a  Proiaaft-r,  therefore  **  Sttirfzura 
kptosofna,  Salter  sp.,  must  now  be  regarded  as  the  type  form.'* 
Mr.  Chapman  seems  for  the  nionient  to  have  fnriiottt'ii  the  perfectly 
definite,  and,  one  had  thought,  universally  »u;ce[)ted  rule  of  nomen- 
clature, according  to  which  the  gi^nus  must  follow  it^  genotype.  In 
other  words,  Sturtzura  must  becuiiu;  a  simple  synonym  of  Protasfrr, 
The  "whole  object  of  fixing  on  a  genotype  is  to  avoid  the  shifting  of 
generic  names,  and  Mr.  Chapman's  action  in  taking  Salter's  species  as 
the  type  of  iSturtzura  cannot  he  justified.  If  Prof  aster  leptosomn, 
Salter,  does  not  belong  to  Profa-sfrr,  or  to  any  other  existing  genus, 
a  new  name  will  have  to  be  found  for  it. 

In  describing  a  closely  allied  species,  under  the  name  Siinfzura 
lfpto$onwideft^  Mr.  Chapman  merely  quotes  the  genus  as  **  Stur/zura, 
Gregory,  1897"  (which  it  Jio  longer  is),  and  makes  no  attenii)t  to 
give  a  fresh  diagnosis  of  it.  Some  doubt  may,  howev(U',  he  east  on 
his  interpretation  of  the  two  speeies  which  lu^  n'fers  to  ^fitrfzura 
(Chapm.  noti  Greg.).     Thus,  he  applies  the  term  *  adambulacrals '  to 
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certain  plates  apparently  distinct  from  the  ambulacrals,  and  certainly 
distinct  from  the  spine-bearing  plates.  Is  it  not,  however,  the  cose 
that  the  spiniferous  elements  are  themselves  the  adambulacrals, 
and  that  the  elements  to  which  Mr.  Chapman  applies  the  term 
'  adambulacral '  aix)  really  processes  of  the  ambulacrals,  separated 
from  the  ambulacral  body  by  a  slight  depression?  Compare  my 
interpretation  of  Bundfnhachia^  Oeol.  Mag.,  1905,  p.  164,  PL  VI, 
Fig.  5).  If,  however,  this  interpretation  be  correct,  then  the  ambu- 
lacral ossicles  of  iSturiziira  Uptosonia  and  S.  leptosomoideB  ore  really 
boot-shaped,  as  in  the  typical  ProtasUr. 

Until  someone  undertekes  a  comprehensive  revision  with  proper 
diagnoses,  it  will  save  confusion  to  retain  under  Protaster  all  the 
species  here  mentioned.  None  of  them,  not  even  F.  bi/oris,  seems  to 
me  congeneric  with  F.  Sedgwickiy  the  genotype  of  Protoiter,  It  may 
well  be  that  a  subsequent  reviser  may  separate  P,  hrmngoides  with 
P,  hiforis  as  one  genus,  and  P.  leptosoma  with  P,  leptosamoides  as 
another.  In  that  event,  the  former  genus  will  of  course  resume  the 
name  Sturtzura. 

Mr.  Chapman  also  establishes  a  new  genus  Gregoriura^  with  geno- 
type G,  Spnji,  for  a  Protasteiid  with  triangular  ambulacrals,  of  which 
the  three  proximal  pairs  embrace  the  mouth-frames.  A  slender  bar 
extending  transversely  from  the  outer  point  of  each  ambulacral  is 
called  an  *  adambulacral '  by  Mr.  Chapman ;  there  are  also  spine- 
bearing  plates.  I  would  suggest  that  these  elements  might  be 
intci-preted  in  the  same  way  as  those  in  *  Sturtzura  *  are  interpreted 
above.     This  would  not  affect  the  validity  of  the  genus. 

It  may  be  worth  while  to  remind  English  geologists  that  in  1899 
Mr.  11.  Etheridge,  jun.  (Rec.  Austral.  Mus.,  vol.  iii,  pp.  128,  129  ; 
17tli  Apiil),  proposed  the  name  Sturtzaster  to  replace  the  name 
Paheocoma,  which  Salter  had  applied  to  a  starfish  from  Leintwardine. 
Paheocuma  had  already  been  used  by  d'Orbigny  in  1 849. 

;N[ay  one,  without  offending  several  people  of  importance,  express 
a  liope  that  the  future  namor  of  Palaeozoic  Ophiurids  will  endeavour  to 
avoid  such  combinations  as  *'Mr.  Sprj'^s  Gregory -tail"  or  '*Mr.  Stiirtz's 
tail  shaped  like  Mr.  Lightbody"?  Whether  the  object  aimed  at  be 
humour  or  euphony,  few  will  seriously  consider  that  either  is  attained. 


Y. — XoTES  ON  MKTnioiiHYKcnus  srpERciLiosuSj  Desl. 

By  E.  Thcrlow  Leeds. 

rpHE  commonest  species  of  the  genus  Metriorhgnchus  occurring  in 
X  the  Oxford  Clay  of  the  Peterborough  district  is  Metriorhynchtu 
superciUosu^  (Desl.).  The  species  found  in  the  above  locali^'  has 
been  identified  with  thiit  of  Deslongchamps  by  the  late  Mr.  J.  W. 
Hulkc,  F.K.S.,  in  his  paper  **  On  the  Skeletal  Anatomy  of  the 
Mesosuchia"  (Proc.  Zool.  Soc.  London,  Xovember  20th,  1888),  and 
also  by  Mr.  Lydekker  in  the  **  Catalogue  of  Fossil  Keptilia  and 
Ani]>hibia,''  part  iv,  Suppt.,  p.  232.  Mr.  Lydekker,  at  the  time  ho 
compiled  tlie  Catalogue,  brought  a  cast  of  part  of  the  skull  of  II,  auper^ 
cilio8U8  to  compare  with  the  numerous  skulls  in  the  Eyebury  CoUectioii. 
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In  view  of  the  fact,  therefore,  that  English  palaeontologists  have 
identified  the  common  species  of  Crocodile  from  Fletton,  near  Peter- 
borough, with  IT.  supereiliasuSy  it  seems  to  have  been  an  entirely 
superfluons  and  unwarranted  proceeding  on  the  pai*t  of  Dr.  £.  Schmidt 
to  have  given  a  new  name  to  the  species,  viz.  M,  Jaekeli,^  especially 
as  he  has  evidently  based  his  species  on  the  one  specimen  in  the 
Berlin  Museum,  and  at  the  same  time  adduces  no  reasons  for  his 
action.  Dr.  Schmidt  is  only  adding  another  synonym  to  a  list  that  is 
already  long  enough. 

Dr.  G.  von  Arthaber,  in  the  monograph  ho  has  lately  published,* 
tries  to  discover  the  reasons  which  led  Dr.  Schmidt  to  create  a  new 
species,  and  lays  great  stress  on  the  shape  of  frontals  and  prsefrontals 
and  the  amount  and  nature  of  the  conjunction  of  these  bones  with 
one  another.  He  denies  that  it  can  be  M,  superciliosm  on  account  of 
•*  the  laterally  strongly  prominent  and  anteriorly  pointed  praef  rentals  " 
("den  seitlich  stark  vorspringenden  und  gegen  vom  spitz  zulaufenden 
Prafrontialien " )  which  this  species  possesses.  If  there  is  one 
characteristic  which  could  be  applied  absolutely  literally  to  the 
Fletton  species  it  is  this  one,  and  one  which  all  the  skulls  of  the 
common  Metriorhynchiu  from  the  Peterborough  district  show.* 
Dr.  von  Arthaber  says  further  that  there  are  at  least  two  varieties, 
M,  Jaekeli  and  M,  Mbreli,  the  former  the  smaller,  the  latter  the 
larger  type.  It  would  seem  that  some  Continental  paloeontologists  in 
their  desire  to  discover  new  species  forget  to  take  into  consideration 
such  trifles  as  age  or  sex  in  relation  to  size. 

Ten  skulls  of  M.  snperciliosus  in  the  Eyebury  Collection  show 
various  degrees  of  length  and  stoutness,  but  in  all  the  general  pro- 
portions are  similar,  and  the  sculpture  of  the  frontal  bones  is  identical, 
though  less  strongly  marked  in  some  than  in  others. 

Mr.  Lydekker,  in  the  Catalogue,  part  iv,  Suppl.,  p.  232,  says  with 
regard  to  M,  supereiliosus :  **  in  the  type  cranium  the  prefrontals 
have  only  a  very  short  sutural  junction  with  the  frontals  and  a  straight 
inner  border,  whereas  in  the  type  of  M.  lilainnlhi  of  the  Kolloway 
Rock  the  prsefrontals  have  a  long  sutural  junction  with  the  frontals 
and  a  convex  inner  border.  The  large  series  of  skulls  in  the 
collection  of  Mr.  A.  N.  Leeds  shows,  however,  such  a  great  variation 
in  these  respects  that  they  cannot  be  regarded  as  of  specific  value." 

The  natural  deduction,  therefore,  is  that  if  these  characteristics  are 
unreliable  for  definitely  determining  the  difference  between  M,  super- 
eilioius  and  i/.  Blainvillei,  still  greater  care  must  be  taken  not  to 
create  new  sub-species  of  M,  supcrciliosus,  which  shows  such  variation. 

The  list  of  measurements  (in  millimetres)  which  I  give  below  is 
taken  from  ten  skulls  practically  perfect,  except  the  last  one,  all  in  the 
Eycbuiy  Collection,  which  I  think  will  bear  out  my  point  that  while 
they  show  for  the  most  part  similar  proportions,  they  present  here  and 
there  curious  variations.     The  explanation  of  these  variations  is  not 

*  Zeitschr.  Deutsch.  Geol.  Gesollflch.,  Bd.  Ivi  (1904),  Mouatsber.,  p.  97. 

•  **  Beitrage  zur  Kenntnis  der  Orpinisation  uud  d<?r  An|)as^un;J^e^!H•heinungcn  des 
Geniis  Jfetriorht/nehtiM^* :  Beitriijre  zur  Paliiont.  uud  Geol.  0:?terreich-Ungani8  und 
des  Orients,  Bd.  xix  (1906),  p.  293. 

»  Ibid.,  p.  288. 
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due  to  crushing,  as  all  the  skulls,  except  one,  have  been  compressed 
in  a  similar  manner,  and  therefore  only  slight  discrepancies  can  be 
ascribed  to  this  cause. 


No. 

Length  from 

snout  to  occi- 

j  pital  condyle. 

672 

Breadth 
pr:vfrontals. 

1 

'  Breadth 

quadrate? 

Breadth 
frontals. 

Length 
pni'frontalj*. 

1 

IHfttanee 
nasal  to 

intcrmflTiU^ 

C 

158 

'     190 

90 

90 

72 

01 

670 

1         151 

92 

88 

c.  60 

163 

665 

1         15i 

185 

97 

90 

80 

161 

ij.'}5 

141 

1     195 

94 

90 

70 

02 

637 

145 

196 

88 

90 

75 

162 

630 

;     c,  146 

188 

mtmm 

4  i 

90 

70 

9 

580 

134 

176 

87 

80 

43 

8 

578 

127 

175 

75 

70 

r.  43 

160 

578 

1         127 

174 

71 

80 

45 

Siunll  one 

98 

117 

50 

50 

Cast  of  M. 

I 

• 

1 

nKperciiiostts 

158 

1 

100 

96 

Xo.  162  in  the  above  list  is  of  interest,  in  tliat  the  occipital  region 
of  the  skull  has  entirely  escaped  crushing.  It  shows  a  height  of 
98  mm.  to  the  top  of  the  parietal  region.  The  measurements  given  by 
Dr.  Schmidt,  viz.,  length  GoO,  and  breadth  between  quadrates  190, 
agree  with  the  above  table.  I  confess  I  cannot  understand  Dr.  von 
Arthaber's  measurements.  Tlie  length  of  the  skull,  603  mm.,  agrees 
with  the  skull  as  fij^ured  ou  pi.  xxii,  but  he  gives  as  the  breadth 
across  the  prnofrontals  176  mm.,  wliereas  tlie  figure  certainly  does  not 
allow  of  more  than  110  mm.,  which  tallies  with  the  above  list.  The 
measurements  from  the  point  of  the  nasals  to  the  intermaxilla  are 
somewhat  doubtful,  as  sometimes  the  points  of  the  bones  are  not  well 
preserved. 

Pectoral  Girdle. — In  a  paper  which  he  read  before  the  Zoological 
Society  of  London  in  1888,  p.  427  ff.,  the  laU^  Mr.  J.  W.  Hulke 
included  a  description  of  the  ])ectoral  girdle  of  M.  SHperciliosui,  in 
wliich,  in  spite  of  a  i)rotest  made  at  the  time  by  Mr.  A.  X.  Leeds,  he 
described  a  ])ortion  of  a  coracoid  as  that  of  a  scapula.  This  and  the 
bone  which  he  figures,  and  correctly  so  (fig.  2),  as  a  coracoid  were 
taken  from  two  different  specimens  in  the  Eyebuiy  Collection,  both 
M.  superciliosus. 

In  the  latter  bone  there  is  a  submarginal  foramen  in  the  portion  of 
tlje  dorsal  end  anterior  to  the  glenoid  facet;  in  the  former  the  foramen 
is  represented  by  a  deep  notch,  which  se])arates  the  articulating  portion 
from  the  anterior  portion,  whicli  latter  thus  forms  a  projecting  process. 
Thi'  notch  commences  from  the  point  where  the  foramen  is  situated  in 
tlie  perforate  variety.  An  imap^inary  line  drawn  across  the  notch  from 
its  two  cornei-s  will  show  the  simdaritv  in  the  formation  of  the  two 
bones  thus : — 
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Coitcoid    of  Metriorhynehut  huperciliofiis    (De»l.)>     Oxfonl  Clay:    Fletton,   near 
reterborough.    From  the  Leeds  Collection,  £yebur\%  near  re'terborough. 

That  these  two  bones  are  really  coracoids  is  proved  by  the  fact  that 
Mr.  Leeds  has  never  found  four  bones  of  this  type  with  one  skeleton 
of  MetriorhynehtUy  although  he  has  several  times  found  the  entire, 
pectoral  gii^ile.  Further,  an  examination  of  associated  sets  of  bones 
of  Metriorhynchus  at  Eyebury  and  in  the  Natural  History  Museum,, 
London,  shows  that  in  some  cases  the  coracoid  has  the  foramen  and 
in  others  the  notch,  whereas  the  scapula  proper  is  the  same  in  all 
cases.  Nor  can  a  difference  of  species  be  proposed  as  a  solution  of  this. 
dissimilarity,  as  these  two  variants  of  the  coracoid  are  both  found  with 
the  common  form  of  Metriorhynchus y  viz.  M,  superciiiosiuf.  Con- 
sequently the  dissimilarity  can  only  be  accounted  for  by  a  difference 
in  the  degree  of  ossification,  or  may  be  ascnbed  to  chance  or  to  sex. 

The  mistake  wliich  Hulke  made  has  unfortunately  been  perpetuated 
in  Dr.  von  Arthaber's  monograph,^  and  it  seems  only  right  that  the. 
proofs  given  above  of  this  grave  error  should  be  published. 

Dr.  von  Arthaber  does  not  stop  at  this  point,  but  proceeds  to  include 
the  true  scapula  in  a  hypothetical  and  impossible  fore -limb  of  the 
animal,  a  mistake  which  he  could  not  liave  made  had  he  compared  the 
sci^ula  at  all  carefully  with  the  metacarpals  and  phalanges  of  the  hind- 
limb,  or  with  the  scapula  of  modem  Crocodilia. 

It  may  not  be  out  of  place  here  to  give  a  detailed  desciiption  of  the 
scapula  of  II.  superciliosua. 

JScaptUa. — It  is  an  irregularly-shaped,  long,  and  slender  bone,  the 
anterior  border  being  longer  tlian  the  posterior';  the  proximal  end  is 
tnangularly  rounded,  with  a  flattened  inner  surface ;  the  shaft  is 
slender  and  oval  in  section.  The  proximal  extremity  presents  two 
facets,  the  anterior  one  being  rugose  and  triangular,  corresponding  to 
a  MTnilitr  facet  on  the  coracoid.     These  two  facets  form  the  articulation 


1  Bcitrage  z.  P.  and  G.  Osterreich-Ungarns,  190C,  p.  o09  If. 
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of  the  scapula  and  coracoid.  The  posterior  facet  is  smooth  and  some- 
-what  in-egular  in  shape;  this  facet,  together  with  the  I'ounded,  slightly 
concave  facet  on  the  coracoid,  forms  the  glenoid  cavity. 

The  distal  extremity  differs  from  the  extremities  of  the  metatarsals, 
with  which  the  scapula  has  heen  confounded,  hy  the  absence  of  a 
marked  ridge,  which  always  bounds  their  articulating  facets.  In  the 
scapula  the  end  of  the  bone  is  merely  the  oral  shaft  flattened  out  and 
rounded  off. 

Fore-limh. — The  fore-limb  was  small,  consisting  of  the  humerus, 
radius  and  ulna,  and  some  more  small  bones,  of  which  the  bone 
figured  by  Dr.  von  Arthaber*  in  pi.  xxv,  fig.  2,  is  probably  one, 
though  he  has  undoubtedly  represented  it  upside  down.  The  limb  was 
not  a  leg  for  walking,  similar  to  the  hind  one,  but  either  a  degenerate 
paddle  or  an  incipient  one,  as  Professor  E.  Fraas  *  declares  it  to  be  in 
the  case  of  Geo8auri4s,  in  liis  interesting  work  on  the  marine  crocodiles 
(Thalattosuchia)  of  the  Upper  Jura. 

Dr.  von  Arthaber's  restoration  of  the  fore-limb  is  certainly  erroneous ; 
for  in  oMer  to  construct  it  he  has  had  to  borrow  from  other  parts  of 
the  body,  viz.  the  scapula — which  he  denies  to  be  such — and  the  first 
metatarsal,  to  form  the  radius  and  ulna.  The  whole  leg,  as  he 
represents  it,  is  entirely  out  of  proportion  to  the  size  of  the  humerus, 
which  would  be  incapable  of  carrying  such  a  limb,  and  further  in  no 
way  resembles  the  fore-limb  of  Geosaurut^  which  he  takes  as  a  model 
on  which  to  complete  the  parts  of  Metriorhynehm  unknown  to  him. 

All  Dr.  von  Arthaber's  remarks  must  be  received  with  extreme 
-caution,  not  only  on  account  of  the  undoubted  incorrectness  of  some  of 
his  statements,  but  also  because  of  the  absence  of  careful  observation 
and  editing  whicli  his  work  shows.  For  example,  apart  from  the 
errors  in  regard  to  the  pectoral  girdle  and  fore-limb,  which  I  have 
already  pointed  out,  in  pi.  xxiii,  fig.  8,  he  figures  a  left  side  rib 
as  one  belonging  to  the  right  side,  and  in  pi.  xxv  he  calls  the  pubis 
the  ischium  and  vice  versd^  while  in  pi.  xxvi  he  has  them  correctly 
named. 

I  think  it  will  be  of  interest  in  connection  with  this  paper  to 

give   a  short   account  of  the   method   of  occurrence   of   the  bones 

found  in  the  Oxford  Clay  of  the  Peterborough  district.     A  remark  of 

Dr.  von  Aithaber's*  leads  mc  to  suppose  that  he  thinks  the  specimens 

of  Metriorhynchus  are  found  in  such  quantities  as  to  make  it  hard  to 

distinguish  one  from  another,  but  this  is  not  the  case.     The  area  in 

which  they  are  found  consists  of  brickyards,  extending  nearly  two  miles 

along  the  Great  Z^oithem  Railway  from  Peterborough  to  London,  and 

the  clay  is  worked  to  a  depth  of  35  feet  or  more.     Jfetriorhyncktu, 

like  tlie  other  animals  occuning  in  this  clay,  is  found  at  all  depths, 

and  at  considerable  intervals  of  time  in  the  various  pits.     Bones  that 

arc  tcnned  *  associated  sets'  are  found  at  the  same  time,  and  at  the 

same  level,  in  close  proximity,  if  not  in  position  as  the  carcase  of  the 

animal  was  buried.     If  there  were  any  doubt  as  to  their  belonging  to 

.. 
^  Beitnijffi  z.  P.  uod  G.  Ostcrreich  Unpams,  1906. 

2  "Die  Meer  Crucodilier  (Thalattosuchia)  dos  oberen  Jura":  Palaont.,  vol.  xlix 
(1902-3). 

'  Beitnigc  z.  P.  und  G.  (>j^t?rreich-Uuganis,  1906,  p.  302. 
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one  animal,  that  doubt  is  dispersed,  because  it  is  a  self-evident  fact 
that  at  some  time  or  other  more  than  one  bone  of  the  same  kind  would 
have  been  found  together;  but  as  this  is  not  so,  and  as  their  colour 
and  size  agree,  the  bones,  though  scattered  over  a  distance  of  some 
yards,  must  necessarily  belong  to  one  and  the  same  animal. 

In  conclusion,  I  wish  to  say  that  a  large  number  of  the  state- 
ments I  have  made  are  based  on  the  experienc<j  which  my  father, 
Mr.  A.  K^.  Leeds,  has  gaineil  dining  a  period  of  over  40  ytjars  in 
which  he  has  collected  from  the  Oxford  Clay  of  Peterborough,  and 
I  am  deeply  indebted  to  him  for  the  great  assistance  1  have  derived 
from  his  experience,  and  for  valuable  suggestions  which  he  has 
offered. 


I. — The  Geology  of  India. 

The  Istperial  Oazkttekk  op  India.     Now  Edition. 

Oxford,  1907. 

THE  first  edition  of  the  ''Imperial  Gazetteer  of  India"  was 
published  in  nine  volumes  in  1881,  and  a  second  edition, 
augmented  to  fourteen  volumes,  was  issued  in  1885-7.  The  bulk 
will  now  be  raised  from  fourteen  to  twentv-six  volumes,  including: 
a  companion  Atlas,  and  the  single  volume  of  the  **  Indian  Empire  "  has 
been  expanded  into  four  volumes,  entitled  respectively :  I.  Descriptive ; 
II.  Historical ;  III,  Economic ;  and  IV.  Administrative.  W(i  propose 
to  notice  the  chapter  on  Geology  by  Mr.  T.  H.  Holland,  Director  of 
the  Geological  Survey  of  India,  in  vol.  i,  p.  50,  and  the  chapter  on 
Mines  and  Minerals,  in  vol.  iii,  p.  128. 

1.  *' Indian  Empire,**  Vol.  I,  pp.  50-103. — Geology. 

Those  persons  who  have  paid  any  attention  to  this  subject  are 
aware  that,  physically,  India  consists  of  three  distinct  regions,  viz.. 
Peninsular  India,  the  Indo  -  Gangetic  Plain,  and  extra -Peninsular 
India.  A  geological  map  shows  this  at  once,  but  these  features  are 
not  equally  obvious  on  an  ordinary  map.  Practically  the  Indo- 
Gangetic  Plain,  with  its  great  alluvial  accumulations,  separates  two 
regions,  which,  though  markedly  distinct  in  origin  and  composition, 
yet  afford  in  each  case  an  interesting  geological  record,  which  it  is 
possible  to  correlate  within  certain  limits.  Hence,  if  we  eliminate  tlie 
deposits  of  the  Indo-Gangetic  Phiin,  the  geology  of  India  is  a  duplicate 
system,  the  peninsular  beds  being  without  marine  fossils,  excepting 
strips  along  the  coast,  much  resembling  Africa  south  of  the  Equator 
in  this  respect,  whilst  the  extra  -  peninsular  areas  in  one  placie  or 
another  are  able  to  show  an  almost  complete  palneontological  column 
of  marine  fossils,  dating  from  the  earliest  Cambrian.  It  should  also 
be  borne  in  mind  that  the  Peninsula  has  been  a  stable  area  almost 
from  the  beginning  of  geological  time,  whilst  tlio  extra-peninsular 
region  has  been  one  of  frequent  oscillation  culminating  in  the 
Himalayan  uplift. 
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Introduction. — Mr.  Holland  remarks  that,  in  attempting  to  express 
these  two  distinct  geological  stories  in  European  terminology,  we  find 
that  our  simplest  and  most  easily  translated  characters  are  preserved 
in  the  marine  fossiliferous  strata,  while  it  is  practically  impossible  to 
con-elate  directly  the  land  and  fresh-water  formations  which  are  so 
largely  developed  on  the  Peninsula  with  tlieir  equivalent  stages  in  the 
European  standard  scale.  He  also  specially  points  out,  by  way  of 
illustration,  that  the  flora  "which  flourished  in  the  great  river  vallevs 
of  the  old  Gondwuna  continent  did  not  make  its  appearance  in  Europe 
until  well  on  in  the  Mcsozoic  era,  yet,  fi-om  other  evidence,  we  know 
tliat  the  lowest  Coal-measures  in  India  were  being  formed  during 
Upper  Palaeozoic  times."  He  further  insists  upon  want  of  strict 
contemporaneity  in  geological  formation,  and  strongly  advocates  the 
us(»  of  local  strati  graphical  names. 

In  the  classification  of  Indian  strata  there  is  a  trace  of  a  datum-line 
in  the  i\"(?o3o/M«-beds  of  the  Salt  Eange,  which  may  be  regarded  as  the 
equivalents  of  the  Olmellas-zono  in  other  Cambrian  areas. 

To  the  ages  preceding  the  date  at  which  the  Neoholus-hed^  were 
formed  he  refers — 

{a)  The  great  mass  of  ciystalline  schists  which  are  exposed  over 
half  the  Peninsula,  forming  the  old  floor  on  which  the  unaltered 
sediments  were  laid  down. 

{h)  The  great  thicknesses  of  unfossiliferous  strata  known  by  such 
local  names  as  Gwaliors,  Cuddapahs,  and  Vindhyans. 

The  ages  following  the  Lower  Cambrian  Period  have  left  flieir 
record  in  two  groups — 

{c)  During  the  Palaeozoic  era  deposits  were  formed  in  the  extra- 
peninsular  area  with  fossil  remains  referable  to  one  or  other  of  the 
well-known  systems  of  Europe  from  the  Cambrian  to  the  Car- 
boniferous. No  records  of  this  era  have  been  preserved  in  the 
Peninsula. 

(rf)  From  Pernio- Carboniferous  times  to  the  present  day  we  have 
a  double  histor}* :  a  record  of  life  and  events  on  the  stable  Peninsula, 
and  a  series  of  deposits  formed  in  the  adjoining  ocean,  whose  bed 
was  after wanls  upheaved  to  constitute  the  extra-peninsular  parts  of 
India. 

Thus  Indian  rocks  fall  naturally  into  four  great  groups :  two  below 
the  Olenellus  datum-line  without  fossils,  and  two  above  the  horizon 
at  which  the  oldest  recognizable  fossils  occur.  These  four  groups  arc 
distinguished  in  the  order  of  priority  as  (1)  the  Archaean,  (2)  Purana, 
(3)  I)ra vidian,  and  (4)  Aiyaii  groups. 

I'he  Pre-  Cambrian  Hist  or  t/  of  India  may  bo  said  to  contain  three 
elements,  's'iz  ,  the  Archaean  era,  the  great  Eparchaean  break,  and  the 
Purana  era. 

The  Archaan  roch,  which  occupy  so  great  an  extent  of  peninsular 
India,  are  sometimes  spoken  of  as  the  *  fundamental  complex.* 
This  essentially  agrees  with  its  development  in  other  countries,  and 
notably  in  America.  "Some  of  the  rocks  forming  this  complex  are 
masses  of  deep-seated  igneous  origin :  others  presumably  originated 
as  sandstones,  shales,  limestones,  lava-flows,  and  other  forms  of 
superficial  deposit,  which  became  metamorphosed  by  close-folding,  by 
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depression  to  great  depths  in  the  crust,  and  by  further  injection  of 
igneous  material."      He  divides  the  Archaean    group   in   India   as 
follows : — 
4.  Dh&rwSrian. 

Eruptive  uneonformiiy. 
3.  Granites,  anorthosites,  chamockite  series,  norites,  etc.,  of  yarious 

localities. 
2.  Schistose  and 
1.  Gneiseose  rocks. 

The  DharwSrs  have  attracted  a  special  interest  on  account  of  the 
valuable  minerals  they  include :  iron-ores  in  great  richness  and  purity 
in  the  Central  Provinces  and  Bcllary.  copper-ores  disseminated  at 
a  particular  horizon  in  Singbhum,  and  gold  in  the  quartz  reefs  of 
Kolar  arc  mentioned. 

The  Purdtna  Group, — ^Upon  the  weathered  surface  of  the  highly 
folded  Dharwars  and  the  associato<l  schists  and  gneisses  of  the  Archaean 
group  enormous  thicknesses  of  sediments  were  deposited  in  peninsular 
India.  The  break  in  geological  time  between  these  two  members  of 
the  Prc-Cambrian,  or  Azoic  rocks,  appears  to  the  author  so  enormous 
as  possibly  to  exceed  the  entire  period  of  the  fossil-bearing  rocks, 
i.e.  from  the  earliest  Cambrian  to  recent  times.  The  Purfina  group 
includes  the  Cuddapahs  of  Southern  India,  amounting  to  20,000  feet 
in  thickness  with  several  unconformities.  Other  examples  of  this  class 
occur  elsewhere  in  peninsular  India,  presenting  on  the  whole  a  lower 
and  an  upper  series,  tne  latter  corresponding  generally  to  the  Yindhyans. 
This  is  a  very  interesting  formation  both  topographically,  as  being 
conspicuously  displayed  along  the  great  escarpment  of  the  Vindhyan 
range,  and  also  lithologically,  the  rocks  being  prominently  sandstones 
witii  subordinate  beds  of  shale  and  limestone  yielding  lime  and 
building-stone  of  considerable  economic  value.  The  system  is  also 
remarkable  for  including  strata  in  which  diamonds  arc  found,  though 
these,  we  believe,  are  part  of  a  bedded  sediment,  and  in  no  sense 
indigenous.  The  author  further  speculates  on  the  possible  existenco 
ol  representatives  of  the  Purona  group  in  extra-peninsular  areas, 
and  notably  in  the  Himalayas,  where  unfossiliferous  beds,  occurring 
south  of  the  snowy  range  and  crystalline  axis,  have  been  referred, 
without  absolute  proof,  to  various  members  of  the  regular  fossiliforous 
sequence. 

Cambrian  and  Post-  C am  b  hi  ax  Histobt  of  India, 

A.     Th^  Dravidian  Era, 

The  oldest  fossiliforous  strata  known  in  India  are  found  in  the 
Salt  Konge  of  the  Punjab,  where  beds  are  exposed  with  fossils,  as 
previously  mentioned,  whose  nearest  relatives  occur  in  the  Lower 
Cambrian.  The  Salt  Eange,  we  may  observe,  is  both  an  enigma  and 
a  godsend  to  the  Indian  geologist — an  enigma  bccxiuse  undoubted 
Cambrian  strata  repose  on  a  peculiar  marl  with  beds  of  rock-salt 
and  gypsum,  which  may  be  of  Tertiary  age ;  a  godsend,  because 
it  provides  a  recognizable  base  for  the  palscontological  column,  but, 
above  all,  for  its  wealth  in  Permo- Carboniferous  fossils,  which  assist 
the  interpretation  of  that  system  in  the  Himalayas  themselves.     The 
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geological  history  of  the  Salt  Range  is  a  blank  between  the  lowest 
Cambrian  and  the  Permo-Garboniferous,  but  there  are  indications 
here  and  there  of  the  older  Palseozoics  in  the  central  Himalayas, 
where  the  Yaikritas  and  the  Haimantas  are  regarded  as  Upper 
Cambrian.  The  Ordovician  is  represented  in  the  Kumaun  area  by 
a  coral  limestone ;  while  in  Spiti  this  stage  is  probably  not  preserved, 
the  lowest  of  the  Silurian  beds  being  red  grits  and  quartzites,  with 
overlying  shales  and  limestones,  which  contain  fossils  like  HalysiieM 
catenularia,  indicating  an  Upper  Silurian  (Gothlandian)  age.  The 
Gothlandian  beds  are  overlain  by  a  grey-to-red  limestone,  which  has 
not  yielded  fossils  sufficiently  well-preserved  to  determine  its  exact 
age,  though  from  its  position  it  is  probably  Devonian  (Muth  Beds). 
A  Devonian  fauna  has  been  proved  to  exist  in  Chitral,  the  evidence 
being  based  chiefly  on  unusually  well-preserved  Brachiopods,  though 
with  a  mixture  of  Corals  approximating  to  Upper  Silurian  forms,  and 
Devonians  have  also  been  recognized  in  Upper  Burma. 

Above  the  Muth  quartzite  there  occur  grey  limestones  with 
numerous  Brachiopoda  of  Upper  Carboniferous  age,  together  with 
associated  deposits  containing  FhiUipsiay  FenesteUa^  etc.,  probably  of 
Upper  Carboniferous  or  Permo-Carboniferous  age.  With  these  beds, 
the  author  says,  we  approach  the  close  of  the  Dravidian  era  in 
Northern  India ;  for  at  about  this  horizon,  corresponding  to  the 
Upper  Carboniferous  of  England,  there  is  an  important  breidL  in  the 
deposition,  and  new  conditions  are  introduced  by  a  widespread  con- 
glomerate which  forms  the  base  of  the  marine  sediments  distingaished 
as  the  Aryan  group. 

B.    The  Aryan  Ura. 

This  is  the  most  extensive  and  important  of  the  four  primary 
divisions  adopted  by  Mr.  Holland,  being  equally  well  represented 
by  marine  formations  in  the  extra-peninsular  areas  as  by  fresh-water 
and  terrestrial  formations  in  the  peninsular  area.  Its  description 
occupies  three-fifths  of  Mr.  Holland's  article,  and,  as  it  is  not  possible 
on  the  present  occasion  to  go  into  particulars,  we  append  the  table  of 
the  Aryan  group  as  set  out  on  p.  55,  once  more  reminding  the  reader 
that  the  Aryan  group  represents  everything  from  and  including  the 
Permo-Carboniferous  up  to  the  present  day. 

In  the  extra-peninsular  area  the  changes  in  physical  geography 
wliich  occurred  towards  the  close  of  the  end  of  the  Carbomferoas 
period  are  marked  by  a  widespread  conglomerate  in  Spiti  and 
Kumaun.  This  conglomerate  forms  the  basement  bed  of  a  great  series 
of  strata  which  were  laid  down  successively,  without  a  sign  of 
interruption  or  break,  throughout  a  period  corresponding  to  the  whole 
of  the  Permian  and  the  succeeding  Mesozoic  era  of  Europe.  This 
same  boulder-bed,  of  course,  looms  largely  in  the  Salt  Bange,  where 
ice  conditions  have  been  claimed  for  its  origin  as  well  as  for  the 
analogous  Talcher  boulder-bed  of  the  Grondwana  system.  Above  this 
are  various  beds,  some  of  which  contain  a  prodigious  wealth  of  Penno- 
Carbonifcrous  marine  fossils.  We  cannot  afford  to  discuss  these,  but 
a  few  words  on  the  Gondwanas  of  the  Peninsula  may  not  be  out 
of  place,  since,  from  an  economic  point  of  view,  this  is  the  most 
impoitant  of  all  the  Indian  formations,  and  possesses  a  ftirther  interest 
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in  the  numerous  and  conflicting  inteq)retation8  which  have  been 
offered  as  to  its  true  meaning  and  position  in  the  geological  scale ; 
moreover,  it  is  inseparably  connected  with  the  bold  speculations  of 
Blanford  and  others  as  to  the  existence  of  a  great  Mcsozoic  Indo- 
African  continent. 

Table  of  the  Aryan  Group} 


Fresh-water 

Api'roximate 

Makixb  Formations. 

FoRMATioys. 

Equivalents. 

Raised  beaches ;  coral  banks. 

Recent  alluvium ; 

Recent.       \ 

Porbandar  stone ; 

1        POST- 

Desert  sand. 

l  Tertiary. 

Cuddalore  sandstones. 

Older  oUuTium  of 
Narbada  and 
Goddvari. 

Pleistocene.  / 

Makrin  Series. 

Upper  Siwaliks, 
Trrawaddy  Series. 

Pliocene.     \ 

1 

Gaj,  TenangyBnng,  and  Prome 
Series. 

Lower  Manchnar. 

Miocene. 

-  Tertiary. 

Xari. 

Kasauli. 

Oligocene. 

Kirthar,  Rinlkot,  Sabatha. 

•••                 ••■                 ••• 

Deccan  Trap. 
Lameta  Series. 

} 

Eocene.       ; 

Cardiia  Beaumonti  Beds. 
Chikkim  Series;  Bugh  Beds; 

Cretaceous." 

Ariyalur,  Trinchinopoly,  and 

UUtQr  Beds. 
Spiti  shales ;  masslTe  limestone  of 

'V  JubbulporeSeries. 
Rajmanul  and 
Jfahadeva 

Jurassic. 

Mesozoic. 

> 

Baluchistiin ;  Umia. 

• 

Katrol,  Chari,  and  Patcham  Series 

s 

1 

of  Cutch ;  Hsipaw  Series. 
Trias  of  Central  Himalayas ; 

j      Series. 

Panchet  Series. 

GO 

Triassic.     '' 

Ceratite  formations  of  Salt  Range. 

Damuda  Series. 

Productus'shaleB  and  -limestones, 

Central  Himalayas  &  Salt  Range. 

§ 

T*Armifl.Ti        j  Pat. *tn7.r»Tp 

Boulder-bed  of  Salt  Range. 

Tulcher 

Boulder-bed.       ; 

C5 

X  vlitiJ>i.U.           /     X  XLMu.^x»\f€t\JX\J9 

The  Oondwana  System, — Above  the  youngest  member  of  the 
Yindhyan  system  there  is  a  great  gap  of  unknown  width  in  the 
geological  history  of  peninsular  India,  and  its  next  chapter  commences 
with  a  formation  deposited  on  a  land  surface,  which,  it  is  surmised, 
had  some  sort  of  land  connection  with  Africa  and  Australia.  The 
basement  is  known  as  the  Talchcr  boulder-bed»  and  a  similar  boulder- 
bed  is  also  found  in  Africa  and  Australia,  all  being  generally  regarded 
as  the  result  of  ice-action,  though  there  does  not  seem  to  have  been 
any  special  glacial  fauna  associated  with  such  ice-action,  as  is  the 
case  with  the  great  Pleistocene  glaciation.  Reference  has  already 
been  made  to  ttie  analogous  bouldcr-bed  in  the  Salt  Range.  The 
author  considers  that  the  lowermost  beds  of  the  Gondwana  system 
are  £xed  by  indirect  evideuco  as  Upper  Carboniferous  or  Permo- 
Carboniferous  in  age,  whilst  the  uppermost  stages  of  this  system  are 

'  Extracted  from  vol.  i  of  **  The  Indian  Empire,"  p.  55. 
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associated  with  marine  deposits  of  Oolitic  or  possibly  Neocomian  age. 
The  Gondwana  rocks  are  preserved  as  small  patches  mostly  let  down 
by  faulting  into  the  great  crystalline  mass  of  the  Peninsula,  whilst 
isolated  patches,  including  coal-beds,  have  been  involved  in  the  folded 
extra-peninsular  area  near  Barjeeling  and  in  Northern  Assam.  Kext 
above  the  Talchers,  in  peninsular  India,  comes  the  Damuda  Series, 
which  contain  the  most  valuable  Indian  coal-seams;  the  associated 
rocks  are  all  sandstones  and  shales,  which  sometimes  attain  a  thickness 
of  10,000  feet.  The  ironstone  shale  stage  is  so  called  on  account  of  the 
lenses  of  clay-ironstone  which  sometimes  occur  in  sufficient  abundance 
to  supply  a  valuable  iron- ore.  The  Panchet  Series  completes  the 
Lower  Gondwanas,  and  is  devoid  of  coal-seams,  but  has  yielded  reptilian 
and  amphibian  bones  to  a  considerable  extent. 

The  three  above-named  series  constitute  the  lower  division  of  the 
Gondwana  system,  being  cut  off  from  the  Upper  Gondwfinas  by  a 
marked  stratigraphical  break,  accompanied  by  a  contrast  in  fossil 
contents.  The  plants  of  the  Lower  Gondwanas  include  many  equi- 
setaceous  forms,  while  those  of  the  Upper  Gondwanas  show  a  preva- 
lence of  cycads  and  conifers ;  also  the  species  of  oommon  genera  of 
ferns,  as  well  as  of  other  orders,  are  quite  distinct  in  the  two  divisions. 
The  flora  of  the  Upper  Gondwanas  is  sufficiently  abundant,  and  there 
are  on  this  horizon  great  lava-flows,  often  amygdaloidal  like  those  of 
the  Deccan  traps.  The  predominant  flora  of  the  Lower  Gondw&na 
system,  in  which  Oloswpterii  and  6€ngamopteri»  are  prominent  genera, 
has  much  closer  affinities  with  the  Mesozoic  plants  of  Europe  than 
with  the  plants  of  the  Upper  Coal-measures.  This  fact  seemed  at  first 
inconsistent  with  many  other  evidences  pointing  to  an  Upper  PaUeoxoic 
age  for  the  Lower  Gondwanas.  *^  But  the  explanation  offered  by  the 
earlier  members  of  the  Geological  Survey  of  India,  though  for  many 
years  a  stumbling-block  to  European  palaeontologists,  has  received 
conclusive  support  in  recent  times  ....  With  a  boulder-bed  of 
Pcrmo-Carboniferous  age  at  the  base,  and  a  marine  intercalation  of 
Jurassic  and  Neocomian  forms  near  the  summit  of  the  Gondwina 
system,  we  have  an  inferior  and  superior  limit  of  the  time-scale  over 
which  to  distribute  its  various  series.  A  considerable  fraction  of  the 
lowest  beds  must  represent  the  Permo-Carboniferous,  Permian,  and 
Triassic  periods ;  and  yet  the  plants  they  contain  show,  when  com- 
pared with  European  fossils,  a  predominating  RhsBtic  and  Jurassic 
facies." 

The  author  further  contends  for  the  former  existence  of  an  old 
Indo- African  continent,  and  claims  that  this  supposed  land-barrier  is 
rendered  probable  by  a  study  of  the  distribution  of  Jurassic 
Cepholopods,  whilst  the  Upper  Cretaceous  fossils  demonstrate  the 
existence  of  such  a  land-barrier  still  more  completely.  **  The  great 
revolutions  in  pliysical  geography  which  took  place  towards  the  end  of 
ihe  Cretaceous  and  during  early  Tertiary  times  resulted  in  the  break 
up  of  the  old  Gondwana  continent,  and  were  followed  by  the  rise  of 
the  ffimalayon  range." 

Whether  there  ever  was  such  a  feature  in  Permo-Mesozoic  times  as 
this  supposed  continent,  which  is  held  to  have  united  in  biological 
affinities  regions  so  remote  from  each  other  as  India,  Africa,  and 
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^.ustitdia,  we  have  every  reason  to  be  thankful  that  the  stable  and 
sonserratiTe  tendencies  of  peninsular  India  have  preserved  to  ui 
Iragmentary  portions  of  an  old  continental  area,  if  only  as  a  counter<^ 
}oise  to  the  revolutionary  forces  which  built  up  the  extra-peninsular 
ureas  from  marine  deposits,  whose  fossils  are  a  testimony  to  their 
)rigin  and  provide  us  with  an  index  of  geological  time.      W.  H.  H. 

\.  ^'iNDiAir  Empire,"  Vol.  Ill,  pp.  128-167. — Mnrxs  avd  Minxiau. 

This  chapter  is  also  written  by  ^r.  Holland  (see  preface  to  vol.  iii). 

'*  The  feature  which  stands  out  most  prominently  in  a  survey  of  the 
nineral  industries  of  India  is  the  fact  that  practically  nothing  has 
)een  done  to  develop  those  minerals  which  are  essential  to  modern 
netallurgical  and  chemical  industries,  while  most  striking  progress 
las  been  made  during  recent  years  in  opening  out  deposits  from  which 
)roducts  are  obtained  suitable  for  expoi*t,  or  for  consumption  in  the 
iountry  by  what  may  be  conveniently  called  direct  processes." 

Under  the  head  of  *' Minerals"  are  tabulated  almost  everything 
Krhich  the  crust  of  the  earth  produces,  from  mineral  oils  to  quicksilver. 
[f  the  reader  is  under  the  impression  that  India  is  a  great  producer  in 
;hi8  respect  he  will  be  surprised  to  learn  that  the  value  of  imported 
irticles  of  this  class  in  1903  (£10,500,000)  is  rather  more  than  double 
:be  value  of  '  minerals '  produced  (five  millions).  And  yet  it  seems 
x>  have  been  worse  still  in  days  gone  by,  since  there  is  an  increase  in 
iroduction  of  46  per  cent,  in  the  live  years  from  1898  to  1903 ;  hence 
we  may  hope  that  the  tables  are  being  turned.  The  imports  of  iron, 
iteel,  and  copper  figure  very  largely,  whilst  the  production  of  iron-ore 
s  ridiculously  small.  For  many  years  past  gold  has  headed  the  list 
n  production,  and  even  in  1903  very  nearly  half  the  total  of  the 
ive  millions  comes  from  this  source'  The  most  satisfactory  feature  is 
ihe  steady  increase  in  the  output  of  coal,  which  in  1903  was  valued  at 
rather  more  than  £1,250,000.  Salt,  saltpetre,  and  petroleum  are  next 
Ji  importance,  though  still  far  behind;  whilst  mica,  manganese  ore, 
md  jadestone  show  respectable  figures.  One  could  hardly  believe 
ihat  the  country  which  provided  the  Mogul  emperors  with  their 
liamonds  imported  nearly  a  million  pounds  worth  of  **  precious  stones 
ind  pearls,  unset "  in  1903,  while  the  Burma  rubies  scarcely  reach  the 
Igure  of  £100,000  by  way  of  balancing  the  account. 

Tlie  following  is  the  system  of  classification  of  the  minerals  adopted  : — 

I.  Carbon  and  its  compounds^  including  coal,  petroleum,  amber,  and 
gntphite. 

\1.  Metalliferous  minerals,  including  ores  of  gold,  silver,  tin,  copper, 
tine,  lead,  antimony,  iron,  manganese,  chromium,  nickel,  cobalt, 
tungsten,  titanium,  and  aluminium. 

III.  Materials  for  construction^  including  building  and  ornamental 
itme,  etc. 

IV.  Minerals  used  in  various  industries. 

V.  Gem-stones, 

>  The  total  ralue  of  gold  for  1903  is  put  down  at  £2,303,493.  In  the  same  year 
IIm  Talne  of  gold  produced  in  West  Australia  alone  is  itatod  to  be  £8,770,719. 
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Coal, — Daring  the  past  twenty  years  the  production  of  Indian  coal 
has  risen  from  1,397,818  tons  in  1884  to  7,436,386  tons  in  1903,  the 
railways  being  the  chief  consumers;  and  this  has  reduced  imported 
coal  to  an  insignificant  figure.  Of  the  total  output  95  per  cent,  was 
raised  from  the  Gondwana  coalfields  of  the  Peninsula,  iiio  remainder 
being  obtained  from  Tertiary  beds  in  the  extra-peninsular  area. 
Bengal  is  the  chief  producer,  and  the  most  valuable  of  its  coalfields 
are  patches  of  Gondwana  strata,  faulted  into  the  Archsean  schists  and 
gneisses,  and  arranged  as  a  band  roughly  east  to  west  along  the  valley 
of  the  Damuda  river.  The  Eanlganj  field,  being  nearest  to  Calcutta, 
still  retains  its  pre-eminence  and  accounts  for  \  of  the  total  mined. 
Next  to  Kanlganj  in  importance  is  the  Jherria  field,  about  27  miles 
by  9  J  in  extent.  Workable  coal  occurs  in  the  upper  stage  (Raniganj), 
but  hitherto  operations  have  been  confined  to  the  lower  stage  (Bar&kar), 
in  which  there  are  eighteen  well-defined  and  mostly  valuable  seams, 
varying  from  5  to  30  feet  in  thickness.  As  in  thu  Kanlganj  field, 
a  large  amount  of  damage  has  been  done  to  the  coal  by  dykes  and 
sheets  of  a  peculiar  igneous  rock  of  the  nature  of  a  peridotite.  Ten 
years  ago  this  field  was  not  worked,  so  that  the  results  may  be 
regarded  as  of  good  omen  for  the  Indian  coal-industry.  The  Tertiary 
coals  of  the  outlying  areas  are  of  very  little  consequence,  though  much 
was  expected  at  one  time  from  a  working  on  the  Dandot  plateau  of  the 
Salt  Range,  where,  however,  the  collieries  during  the  last  two  years 
have  been  worked  at  a  loss. 

Gold, — This  metal,  as  regards  value,  has  long  headed  the  list  of 
*  minerals  *  produced  in  India,  though  coal  is  fast  catching  it  up,  and 
there  is  very  little  doubt  that  *  black  diamond '  will  be  at  the  top  of 
the  tree  in  the  course  of  the  next  few  years.  Gold  is  obtained  in 
small  quantities  by  washing  in  the  river- gravels  of  various  parts  of 
India,  but  the  bulk  is  mined  from  a  rich  reef  on  the  Kolar  field  in  the 
State  of  Mysore.  The  deepest  workings,  now  somewhat  more  than 
3,000  feet  below  the  surface,  show  little  diminution  in  the  value 
or  widtli  of  the  auriferous  quartz-vein.  The  Dharwar  system  of 
foliated  schists,  forming  the  *  country  rock '  of  the  auriferous  quartz 
in  the  Kolar  field,  is  represented  by  bands  of  similar  rocks  folded  into 
the  gneisses  in  various  parts  of  the  Peninsula,  and  many  of  these  show 
traces  of  ancient  workings,  but  recent  operations  other  than  those  in 
Mysore  have  only  yielded  poor  results. 

Iron-ores. — There  seems  to  be  a  general  consensus  of  opinion  that 
these  are  abundant  and  rich,  especially  in  the  Peninsida,  but  the 
native  iron-smelting  industry  has  been  practically  stamped  out  by 
cheap  imported  iron  and  steel  within  range  of  the  railways.  The  most 
abundant  iron-ores  arc  the  minerals  magnetite  and  haematite,  which 
occur  in  numerous  places  with  quartz,  making  quartz  iron-ore  schists 
whicli  are  generally  members  of  the  Dharwar  and  other  Ardisoan 
scliist  series.  The  clay-ironstones  of  the  Coal-measures,  no  doubt  from 
tlieir  proximity  to  fuel,  are  also  beginning  to  attract  attention. 

Other  metals. — There  has  been  a  considerable  quarrying  of  manganese- 
ore  of  late,  so  that  India  actually  takes  second  place  among  the 
manganese-producing  countries  of  the  world.  In  the  Nagpur  area 
the  manganese-ore   occurs  as  lenticular    masses   and  bands  in   the 
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quartzites,  schists,  and  gneisses,  and  appears  to  have  hoen  formed 
partly  hy  the  alteration  of  rocks  composed  of  mangancse-gamct ;  the 
ore  is  typically  a  mixture  of  braunite  and  psilomelane,  though  it  some- 
times consists  entirely  of  braunite — a  hard,  compact,  pure  ore,  ranging 
well  over  51  per  cent,  of  manganese.  The  metals  chromium,  cobalt, 
nickel,  tungsten,  titanium,  and  molybdenum  do  not  call  for  much 
remark,  and  the  same  might  apply  to  copper,  tin,  lead,  etc.,  which 
seem  to  be  very  little  worked  at  present.  Aluminium  might  arrest  our 
attention  for  a  moment,  seeing  that  bauxite  is  bound  to  co-exist  with 
the  deposits  of  laterite  so  abundant  throughout  the  Peninsula  and  in 
Burma.  The  economic  development  of  these  deposits  must,  however, 
await  facilities  for  the  extraction  of  the  purified  alumina  in  India 
itself. 

Turning  now  to  materials  for  construction,  it  must  be  admitted  that 
India  is  famous  for  its  building-stone.  In  the  far  south  various 
igneous  rocks  are  largely  used;  in  the  centre,  slates  and  limestones 
from  the  Cuddapah  Series  and  basalt  from  the  Deccan  trap  flows 
are  quarried.  In  Central  India,  etc.,  the  great  Vindhyan  system 
provides  incomparable  sandstones  and  limestones,  while  in  Bengal,  etc., 
the  Gondwana  sandstones  are  used  on  or  near  the  coalfields.  Among 
the  younger  rocks  the  Nummulitic  limestones  in  the  north-west  and  in 
Assam  are  largely  quarried,  while  a  foraminiferal  stone  from  Kathiawar 
is  extensively  used  in  Bombay  and  Karachi.  Mr.  Holland  refers  to 
the  famous  buildings  scattered  all  over  India  in  proof  of  the  excellence 
of  these  materials.  The  Pathans  and  Moghuls  utilized  both  the 
Vindhyan  sandstones  of  Central  India  and  the  beds  of  marble  in 
Rajputana  for  building  their  magnificent  mosques,  palaces,  and  tombs 
in  the  cities  of  Northern  India.  He  refers  especially  to  Fatehpur 
Sikri,  where  a  peculiar  red  and  mottled  sandstone  was  used,  and  this 
also,  if  we  mistake  not,  is  equally  conspicuous  in  the  forts  of  Agra  and 
Delhi.  Moreover,  there  is  the  famous  Taj,  **  built  mainly  of  white 
Makrana  marble,  with  elaborate  inlaid  work  of  yellow  marble  and 
shelly  limestone  from  Jaisalmcr,  onyx  marble  from  the  Salt  Range, 
black  calcareous  shales  from  the  Vindhyans  of  Chitor,  malachite  from 
Jaipur,  carnelians  and  bloodstones  from  the  Deccan  trap,  and  red  jasper 
from  the  Gwalior  Series." 

Mining  for  mica  is  also  an  industry  of  somr  importance  ;  it  is 
a  muscovite-mica,  which  occurs  in  large  pegmatite  veins  traversing 
mica- schists  in  various  parts  of  the  Peninsula.  Nor  should  we 
altogether  omit  to  notice  the  production  of  salt^  which  ranks  next 
to  gold  and  coal,  though  a  long  -vvay  behind,  in  the  Table  of  Values. 
Xeai'ly  half  of  this  is  obtained  by  evaporation  from  seawator,  and  is  of 
less  interest  to  the  geologist  than  rock-salt,  deposits  of  Which  are 
confined  to  the  Punjab  and  the  North- West  Frontier  Province — almost 
the  only  instance  where  extra- peninsular  strata  take  precedence  of  the 
Peninsula  in  the  matter  of  production.  Some  of  this  occurs  in  beds  of 
Tertiary  age,  as  atKohat  near  the  frontier,  but  the  bulk  is  raised  from 
the  Mayo  mines  near  Kheura  in  the  Salt  Range,  where  the  beds, 
as  already  noticed,  constitute  the  appaty?U  base  on  which  the  lowest 
fossiliferous  beds  of  Intlia  rest.  The  salt-deposits  in  this  area  have  an 
aggregate  thickness  of  550  feet,  of  which  five  seams  of  very  pure 
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material  make  np  275  feet,  while  the  other  half  is  too  earthy  and 
impure  to  be  marketable.  There  is  a  difPcrcnce  in  the  colour  of  the 
Eohat  salt  and  that  raised  in  the  Salt  Range,  and  this  circumstance, 
80  far  as  it  goes,  is  rather  against  the  theory  of  the  Tertiary  age  of  the 
famous  salt  beds  near  Khcura. 

Gerti'Stone9. — ^This  subject,  so  interesting  to  the  mineralogist,  is 
apparently  of  little  consequence  from  an  economic  point  of  view,  since 
there  is  no  tabular  statement  of  value  beyond  that  given  for  the  rabies 
of  Burma.  The  mining  for  gem-stones  is  a  matter  of  history,  especially 
in  the  case  of  the  diamond,  llie  localities  for  this  appear  to  be 
confined  to  the  Purana  group  of  rocks,  and  are  three  in  number. 
Probably  the  most  famous  is  that  of  the  Mahanadi  valley,  in  the 
eastern  part  of  the  Peninsula,  where  stones  of  great  value  have  been 
found  formerly  in  the  alluvium,  but  not  in  the  older  rocks.  In  the 
Yindhyan  conglomerates  of  Central  India  the  diamond  occurs  as  a  sort 
of  pebble  near  Panna,  and  the  diamond-mining  industry  is  stated  to 
persist  still  in  this  area.  No  results  are  given,  but  we  can  believe  that 
there  may  be  a  sort  of  underground  passage  for  some  of  these  gems, 
whose  discovery  is  not  recorded  on  the  spot.  During  the  past  six  years, 
we  are  told  that  the  ruby-mining  industry  in  Upper  Burma  has  under- 
gone a  favourable  change  ;  but,  on  the  whole,  it  seems  to  us  that  even 
this  is  disappointing,  considering  the  great  expectations  at  one  time 
formed  on  the  annexation  of  the  country.  Other  gem-stones,  such  as 
sapphire,  spinel,  beiyl,  tourmaline,  garnet,  etc.,  are  noted  in  small 
quantities.  On  the  other  hand,  the  amygdaloidal  flows  of  the  Deccan 
trap  furnish,  either  directly  or  indirectly,  a  considerable  number  of 
agates,  whilst  the  jadeite  of  Upper  Burma  has  really  become  an 
important  industry.  This  jadeite  is  obtained  partly  in  the  form  of 
pebbles  and  partly  by  quarrying.  In  the  latter  case  "  the  jadeite 
forms  a  layer  in  the  dark-groen  serpentine,  against  which,  on  a  fresh 
surface,  it  stands  in  striking  contrast  on  account  of  its  light  colour. 
The  serpentine  is  apparently  intrusive  into  Miocene  sandstones,  and  the 
jadeite  must  have  been  separated  as  a  primary  segregation  from  the 
magma."  N.B. — The  jadeite  of  China  is  described  as  a  silicate  mainly 
of  alumina  and  soda,  of  high  specific  gravity  and  great  hardness,  whilst 
jade  is  a  more  basic  silicate  of  magnesia  and  lime.  Thus  it  is  singular 
that  tlie  jadeite  of  Burma  should  be  associated  with  such  a  magnesian 
rock  as  sci-pentinc,  and  its  composition  may  differ  from  that  of  China. 

^' .  M.  H. 


II. — Crystalline  Schists. 

Die  Kristalltnen  Sciiikfer.  Von  Dr.  U.  Grubexmanx,  Professor  dcr 
Mineralogie  imd  Petrographio  am  Eidgeniissischen  Polytechnikum 
und  an  der  Universitiit  Zurich.  I.  Allgemeiner  Teil,  mit  7  Text- 
figuren  und  !2  Tafeln,  W  X  6";  pp.  vi  -f  106.  Berlin.  1904, 
M  3-40,  bound.  II.  Spc'cieller  Teil,  mit  8  Textfiguren  und  8  Tafeln ; 
pp.  viii  +  176.    Berlin,  1907,  M.  9-60,  bound. 

THE  first  of  these  volumes  opens  with  a  historical  sketch  followed 
by  chapter  A  (22  pages)  on  the  original  material  of  crystalline 
schists  and  its  specific  characters.     The  characters  of  sedimentary  and 
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igneous  rocks,  the  formation  of  the  mineral  componcuts,  the  structures 
and  textures  and  products  of  diiferentiution  of  the  latter  group  are 
described.  Chapter  B  (24  pages)  treats  of  Metamorphism,  under  the 
headings  of  solvent,  temperature,  pressure,  and  factors  peculiar  to 
the  substance  metamorphosed.  Cliapter  C  (41  pages)  deals  with  the 
product  of  metamorphism  in  its  differcnt  forms  of  development,  viz., 
mineral  composition,  structure,  texture,  separation  planes,  and  jointing. 
Chapter  D  (7  pages)  is  devoted  to  the  geological  occurrence  of 
crystalline  schists,  and  is  followed  by  a  bibliographical  list  (4  pages). 

In  chapter  B,  under  the  heading  of  **  Pressure,"  the  fact  is  dwelt 
on  that  under  high  pressure  minerals  (and  rocks)  of  high  specific 
gravity,  and  hence  small  molecular  volume,  are  formed,  and  numerical 
instances  (partly  from  Professor  F.  Bucko's  papers)  of  such  volume 
changes  are  given.  In  chapter  C,  under  **  Mineral  Composition," 
attention  is  drawn  to  the  zones  of  metamorphism  in  accoi-dance  with 
depth  proposed  by  Mr.  C.  R.  Van  Hise  * ;  but,  whereas  Van  Hise 
proposes  an  upper  zone  of  catamorphism  and  a  lower  one  of  anamorphism, 
Dr.  Orubenmann  proposes  three  zones — an  uppermost  zone  of  moderate 
temperature  (heat  being  liberated),  small  hydrostatic  pressure,  great 
stress,  and  predominating  mechanical  pressure  effects ;  a  middle  zone 
of  higher  temperature  (heat  being  liberated  or  absorbed),  greater 
hydrostatic  pressure,  very  great  stress,  predominating  chemical  pressure 
etfects  (decrease  of  molecular  volume) ;  a  deepest  zone  of  very  high 
temperature  (heat  being  absorbeil),  very  great  hydrostatic  pressure, 
weaker  stress,  predominating  chemical  pressure  effects  (recrystallization 
without  change  of  form).  Dr.  Grubenmann  maintains  that  certain 
minerals  and  certain  rocks  are  characteristic  of  each  zone,  and  in  his 
second  volume  he  bases  his  classitication  on  this  view. 

Under  **  Structure,"  in  chapter  C,  many  new  terms  (most  of  them 
suggested  by  Professor  Bccke)  are  introduced,  e.g.,  crysUdloblastic, 
idioblasts,  xenoblasts,  homa'oblastic,  hetorobhistic,  graiiobhistic,  lepido- 
blastic,  nematoblastic,  poeeiloblastic,  etc.  Professor  E.  Weinschenk  ^ 
lias  found  fault  with  these  terms,  asserting  that  they  are  nothing 
more  than  a  re-coinage  of  old  terms  used  to  describe  contact  rocks. 
Professor  Bocke,  reviewing  Professor  \Veinschenk*s  book,*  maintains 
that  his  object  was  to  shari)ly  contrast  the  structures  common  to 
crystalline  schists  with  the  structures  of  igneous  rocks  and  give 
appropriate  names. 

Dr.  Grubenmann's  first  volume  is  interesting,  and  the  12  photographic 
figures  of  microscopic  structures  are  instructive,  but  the  rocks 
represented  in  the  figures,  their  localities,  the  minerals  shown  in 
the  sections,  and  the  amount  of  niagiiitication  are  not  mentioned. 

The  second  volume  begins  witli  9  pages  of  historical  introduction, 
followed  by  9  pages  on  the  principles  of  the  classitication  adopted 
by  the  author.     It  is  primarily  cliemical  and  follows  the  nietliod  of 

*  For  full  details  see  his  Treatise  on  Metamorphism  (11jV"x9"),  pp.  1286,  with 
13  platee  and  32  H^ree.  U.S.  Geoh^i^ical  Survey  MouogrupFi,  xlvii  (liiOl),  reviewed 
by  iff.  A.  Harker  in  Nature,  Ixxiii  (i^JUG;,  i).  460. 

'  *'  Speziclle  Gesteinskunde,'*  Fr(!il>iir;;VB,  1905,  p.  11. 

*  Tscnermak's  **  Mineralogische  uml  retrui^raphisuhe  Mitteilunjvon/'  xxv  (1900), 
p.  238. 
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Dr.  A«  Osann,^  the  bulk  analysis  is  le-calculated  free  from  irater,  then 
the  molecular  proportions  and  percentages  are  calculated,  etc  As 
a  result  Dr.  Grubenmann  proposes  12  groups:  (I)  Alkali  felspar 
gneisses,  (2)  Silicate  of  alumina  gneisses,  (3)  Lune  soda-fel^^r 
gneisses,  (4)  Eclogites  and  Amphibolitos,  (5)  ITagnesian  silicate 
schists,  (6)  Jadeite  rocks,  (7)  Chloromelanite  rocks,  (8)  Quartzite 
rocks,  (9)  Lime  silicate  rocks,  (10)  Marbles,  (11)  Lron-oxide  rocks, 
(12,  Aluminium  oride  rocks.  Each  group  is  (where  possible)  divided 
into  three  subdiTisions  in  accordance  with  the  three  zones  of 
metamorphism  proposed  in  the  first  Tolume.  The  greater  part  of  the 
Tolume  is  occupied  by  detailed  descriptions  of  the  rocks  illustrated  by 
48  photographic  figures  of  microscopical  sections,  the  only  fault  of 
which  is  that  the  minerals  represented  in  each  section  are  not  always 
indicated. 

Although  less  interesting  reading  than  the  first  Tolume  the  second 
is  likely  to  be  of  more  practical  use.  Both  Tolumes  haye  the 
drawback  of  being  without  an  index.  An  author  who  introduces 
new  terms  and  leaves  one  to  laboriously  seareh  for  them  handicaps 
himself.  Again,  who  can  tell,  a  priori,  that  the  well-known  Saxon 
granulites  are  to  be  looked  for  in  **  Die  Familie  der  Biotitarmen 
Kata-Orthoklasgneisse  "  ?  An  index  would  enable  one  to  find  them 
at  once.  B.  Hobsok. 


I. — Geological  Society  op  Lojidox. 

I.— May  1st,  1907.— Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  Sec.R.S., 

President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  ''On  the  Xerophytic  Character  of  Coal  Plants,  and  a  suggested 
Orij^in  of  Coal  Beds."  Bv  the  llev.  Profes^sor  George  Henslow,  M.A., 
F.L.S  .  F.G.S. 

Of  the  Palffjozoic  ilora,  the  EquUetites,  now  represented  by  the  sole 
jrcnus  Kqamtum^  are  decidedly  hygrophytic,  if  not  hydrophytic.  The 
Feins,  which  appear  to  have  much  resemblance  to  certain  modem 
types,  especially  the  MaratfiecB^  seem  to  have  lived  under  more  or 
less  similar  conditions  to  the  present ;  that  is,  varying  from  the 
hyj^rophytic  habit  of  JlymenophyUum  to  the  xerophytic  CeUrach, 
Tlie  Cf/cadofilurs^  Cordaites,  etc.,  are  decidedly  xerophytic ;  and  the 
same  is  the  character  of  the  LycopodialeHy  represented  now  by 
Lycopodium  and  SdnyineUa,  and  of  Psilotuniy  Salishuria,  and  others. 
In  fact,  the  characteristic  feature  of  the  great  coal  forests  was 
xrro])liytic,  and  the  vcjrotation  a])pears  to  be  of  an  upland  type. 
Illustrations  are  given  from  recent  and  Carboniferous  plants,  to  show 
th«*  characters  of  leaf,  root,  and  stem  which  separate  these  classes  of 
plants.     The  pojjition  of  coal-seams  is  accounted  for  by  the  action  of 

1  Tschermak's  Min.  uud  Pet.  Mittoil.,  xix  (1900),  p.  351. 
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earth-moTements  in  late  Carboniferous  times  :  these  threw  the  forest- 
bearing  surface  into  shallow  waves  and  troughs,  which  became 
gradually  accentuated,  the  latter  being  gi'adually  filled  with  sediment, 
upon  which,  during  intervals  of  rest,  new  forest  growth  took  place. 

2.  "  Petrological  Notes  on  the  Igneous  Kocks  lying  to  the  South- 
East  of  Dartmoor."     By  Harford  John  Lowe,  F.G.S. 

The  rocks  described  are  contained  in  the  Newton  Abbot  district, 
the  region  east  of  the  Dart  and  south  of  the  Teign.  They  are  most 
nearly  related,  both  geologically  and  petrologically,  to  those  of  South- 
West  Devon,  or  the  Plymouth  district  described  by  Worth.  The 
numerous  intrusions  occurring  in  the  Devonian  and  Culm  rocks  have 
been  summarized  by  Dr.  Teall  as  **  for  the  most  part  referred  to  the 
basic  kind  known  as  diabases."  The  Ashprington  rocks  are  finer 
grained  and  lighter  in  colour  than  those  of  the  other  groups :  the 
Newton  Devonian  specimens  range  from  light  greyish-green  to  nearly 
black,  and  in  texture  from  fine  to  medium ;  while  the  Culm  specimens 
are  nearly  all  of  coarser  texture,  occasionally  mottled,  and  on  an 
average  of  slightly  darker  shade.  The  masses  of  igneous  rock  in  the 
district  do  not  display  such  evidence  of  extreme  dynamic  stress  as  is 
found  among  the  related  rocks  farther  west.  The  rocks  described 
from  the  Devonian  volcanic  group  include  tuffs,  basalts,  and  diabases 
(mostly  free  from  olivine,  though  there  are  exceptions),  picrite, 
leucophyre,  and  kersantite.  The  Culm  volcanic  rocks  show  an 
absence  of  the  finer-grained  basaltic  class,  as  well  as  some  distinct 
difference  in  mineralogical  constitution  of  the  most  nearly  allied, 
indicating  subjection  to  different  physical  conditions.  The  rocks 
include  tuffs,  diabases,  proterobases,  epidiorites,  camptonites, 
teschenites,  hornblende  diabases,  mica-lamp rophyre,  and  porpliyry. 


II.— May  loth,  1907.— Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  Sec.ll.S., 

President,  in  the  Chair. 

The  following  communication  was  read  : — 

**  On  the  Origin  of  certain  Cafion-liko  Valleys  associatc^d  with 
Lake-like  Areas  of  Depression."  Bv  Frederic  William  llarmor, 
F.G.S.,  F.Il.Met.S. 

In  glaciated  regions,  as  shown  by  Professor  P.  F.  Kendall,  the 
invasion  of  a  district  by  an  ice-sheet  would  tend  to  obstruct  the 
natural  drainage,  producing  lak(;s,  of  which  the  outfiow  mi«i:ht  take 
place  over  the  advancing  ice,  between  the  ice  and  the  hillsides  ;  or 
it  might  escape  laterally,  in  a  direction  at  rip^ht  angles  to  the  loniijest 
diameter  of  the  lake  and  to  the  course  of  the  pre-existing  stream. 
Overflow  channels  would  assume  a  gorge-like  character,  and  would 
present  a  comparatively  recent  appearance.  During  the  Glacial  Epoch 
the  North  Sea  ice  appears  to  have  invaded  the  plain  of  the  Witham 
and  the  valleys  of  the  Wellaud,  Nene,  and  Ouse,  overriding  also  the 
higher  land  separating  them ;  the  Tees  ice-stream  moved  up  the 
Trent  basin  to  the  vicinitv  of  Derbv  and  thence,  inosculating  with 
the   Derwent    glacier,    up    the    Soar   Valh^y  towards    Leicester   and 
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BrUgby ;  the  Irish  Sea  ice  passed  into  the  northern  part  of  the  baaiii 
of  the  Lower  Severn ;  ice  from  the  Brecknock  Beacons  passed  towards 
the  Bristol  Channel  and,  combined  with  Irish  Sea  ice  crossing 
Pembrokeshire  from  St.  David's  Head  towards  Cardiff,  may  haie 
caused  the  accumulation  of  sedentary  ice  in  the  Severn  Valley. 
After  considering  the  cusc  of  Lake  Pickering  and  the  Malton  Gorge 
as  a  typical  example,  the  author  passes  on  to  Lake  Shrewsbury  and 
the  gorge  at  Ironbridge.  Pre-Glacial  drainage  of  the  Upper  Severn 
and  Vjmwy  was  probably  northwards;  when  a  Glacial  lake  was 
first  formed  over  the  Cheshire  plain  it  may  have  drained  towards  the 
Trent,  possibly  by  Rudyard  and  Madely ;  when  these  gaps  were 
closed,  the  lowest  outlet  seems  to  have  been  towards  the  south,  and 
the  Severn  Gorge  at  Ironbridge  was  cut.  The  canon  of  the  Camlad 
at  Chirbury,  known  as  Marrington  Dingle,  appears  to  have  been 
caused  by  outflow  from  a  Church  Stoke  lake  which  was  driven  into 
the  Ordovician  ground  to  the  north  and  east.  Lake  Trowbridge  and 
the  gorges  of  Clifton  and  Brudford-on-Avon  are  next  dealt  with,  the 
latter  being  attributed  to  the  overflow  of  a  Glacial  lake  oocopjring 
the  Trowbridge  plain,  and  the  former  to  the  blocking  of  the  Flax- 
Bouiton  valley  by  ice.  The  gaps  in  the  Jurassic  escarpment  at 
Lincoln  and  Ancaster  are  explained  as  overflows  from  a  lake  caused 
by  the  damming  of  the  Trent  outlet  towards  the  Humber.  This 
gave  rise  at  first  to  the  more  northern,  and  later  to  the  southern 
gorge.  Finally,  Lake  Oxford  and  the  Goring  Gap  are  dealt  with 
in  considerable  detail.  Certain  Drift-filled  valleys  are  regarded  as 
excavated  by  a  river  flowiug  from  the  south-west^-the  primeval 
Thames.  The  distribution  of  the  Chalky  Boulder-clay  shows  that 
the  advance  of  the  Great  Eastern  Glacier  from  the  north-cast  must 
have  arrested  drainage  flowing  towards  the  Wash,  and  caused  a  lake 
which  may  possibly  have  first  overflowed  through  the  Newport  valley 
into  that  of  the  Stort,  or  by  the  Hitchin  valley  into  the  Lea,  or  later 
into  the  Colne  by  the  Leighton  Buzzard  valley.  When  the  ice 
reached  Buckingham,  such  channels  were  closed  and  the  overflow 
must  have  taken  place  farther  to  the  south-west,  over  what  are  now 
the  Tring,  Wendover,  and  Wycombe  Gaps,  and  eventually  by  the 
Goring  Gap  itself. 

Gravels  containing  Triassic  and  drifted  flint  pebbles  derived  from 
Glacial  deposits  may  be  traced  from  Goring  across  the  Oxfonl  Plain, 
at  an  elevation  of  between  400  and  500  feet,  into  the  Evenlode 
Valley,  and  thence  into  the  basin  of  the  Avon.  Their  occurrence  on 
the  higher  slopes  of  the  Goring  canon  indicate  that  the  excavation 
of  the  latter  did  not  commence  until  after  the  arrival  of  glacially 
derived  detritus  in  the  region  in  question ;  the  Goring  Gap  is, 
therefore,  of  Glacial  age. 

The  author  is  unable  to  reconcile  the  %'iews  here  given  with  those 
of  Professor  W.  M.  Davis  on  the  valley  erosion  of  Central  England. 
Any  i*elation  which  may  have  existed  between  the  present  drainage 
svbtem  and  that  of  some  former  period  when  a  peneplain  may  have 
ext(>nded  over  the  Jurassic  and  Cretaceous  formations  alike,  and 
consequent  rivers  ran  out  to  sea  over  it,  is  remote  and  impossible  to 
trace.     With  the   exception   of  the   Goring   gorge,   which  may  be 
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otherwise  explained,  no  connection  whatever  exists  between  the 
drainage  systems  or  the  topography  of  the  Cotteswolds  and  the 
ChiltemSy  nor  does  a  vestige  remain  of  the  peneplain  which,  at  some 
unknown  height  above  the  present  surface,  is  supposed  to  have 
nnited  them.  The  escarpments  form  two  dip-slopes,  to  which  the 
streams  traversing  them  are  respectively  coDformable. 

The  more  important  rivers  of  Central  England  are  longitudinal, 
following  the  strike  of  softer  rocks  along  which  the  predominant 
erosion  has  taken  place,  the  transverse  drainage  being  everywhere 
subsidiary  to  that  of  the  plains.  The  excavation  of  the  latter  may 
have  taken  place  at  a  con^paratively  eurly  period  in  a  direction  not 
vertical,  but  inclined  more  or  less  with  the  dip  of  the  softer  sti'ata, 
the  formation  of  the  dip- slope  and  the  cutting  back  of  the  opposing 
escarpment  being  contemporaneous;  the  erosion  of  valleys  in  the 
dip-slope  must  have  been  posterior  to  this,  and  could  not  have 
preceded  it. 


III.— June  5th,  1907.— Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  Seo.R.S., 

President,  in  the  Chair. 

At  the  Ordinary  Meeting  on  May  15th  the  President  announced 
that  the  Council  had  resolved  to  award  the  proceeds  of  the  Daniel 
Kdgeon  Fund  for  1907  to  Miss  Ida  L.  Slater,  B.A.  (Dublin), 
Newnham  College,  Cambridge,  who  proposes  to  investigate  the  Lower 
Palaeozoic  rocks  in  the  neighbourhood  of  Llandeilo. 

The  following  communications  were  read  : — 

1.  ''  A  Marine  Fauna  in  the  Basement  Beds  of  the  Bristol  Coalfield." 
By  Herbert  Bolton,  F.R.S.E.,  F.G.S. 

Isolated  and  rare  fossils  have  been  occasionally  discovered  in  the 
Bristol  Coalfield,  but  the  list  of  genera  and  species  hitherto  recorded 
is  a  short  one.  During  the  progress  of  an  exploration  branch  at  the 
Ashton  Vale  Colliery,  fossiliferous  shales  were  traversed  in  the 
lowest  Coal-measures  resting  upon  the  Millstone  Grit.  A  section  of 
the  Coal-measures  in  this  part  of  the  coalfield  is  given,  the  Gays 
Seam  being  the  lowest  workable  seam,  and  the  chief  fossiliferous 
shale  is  localized  at  a  depth  of  84  feet  below  it.  The  most  striking 
feature  of  the  fossils  is  their  dwarfed  condition,  especially  among 
the  fish-remains.  Fossils  found  in  the  spoil  banks  of  other  pits 
indicate  that  other  marine  horizons  occur  in  the  coalfield.  The 
thickness  of  the  Millstone  Grit  appears  to  bo  about  980  feet.  The 
palseontological  description  embodies  a  tabular  list  of  fossils  from 
the  marine  horizon,  which  shows  a  close  correspondence  with  the 
list  drawn  up  from  the  marine  beds  associated  with  the  Gin  Coal  of 
IS^orth  Staffordshire;  but  it  docs  not  appear  to  bo  desirable  to 
conclude  that  the  horizons  are  identical,  until  further  evidence  of 
fannal  development  has  been  obtained  from  the  Bristol  area.  The 
Brachiopod  fauna  contains  forms  identical  with,  or  closely  approximating 
to,  species  occurring  in  the  Cyathaxonia-  and  Dibunophyllum- zones. 

The  jmlttontological  descnption  contains  an  account  of  the  different 
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species  collected,  including  notes  on  Froduetus,  ChoneteSf  Derhya,  and 
Ortliothetesy  contributed  by  Dr.  A.  Yaughan,  and  new  species  of 
Chonetes,  Raphistoma^  and  Loxonema, 

2.  '*  Brachiopod  Morphology :   Cineta,  JEudesiay  and  the  Development 
of  Ribs."     By  S.  S.  Buckman,  E.G.S. 

The  test  ornament  of  Brachiopods  is  found  in  three  main  phases — 
smooth,  ribbed,  and  spinous ;  and  of  these  three,  a  costate  species  is 
more  advanced  than  a  smooth  one,  and  less  advanced  than  a  spinose 
one.  There  are  catagenetic  developments,  also,  in  reverse  order; 
but  these  may,  for  the  present,  be  neglected.  Dall  has  stated  that 
Cineta  {Terehratula  numismalis  Oroup)  is  a  synonym  of  JEudeiiti 
( T.  cardium  Group) ;  but,  although  it  would  be  quite  possible  for 
-costate  forms  to  be  developed  from  the  smooth  Cineta^  yet  they 
would  not  be  costate  forms  of  the  Eudesia  type :  in  the  Cineta  type 
the  costae  developed  would  be  of  the  kind  which  produced  oppoeite 
carination  of  bol^  valves,  while  in  £ude9%a  the  costse  on  the  two 
valves  are  alternate,  the  carinss  of  one  valve  being  opposed  by  sulci 
in  the  other.  This  fundamental  difference  not  only  prevents  the 
inclusion  of  Eudesia  and  Cineta  in  one  genus,  but  shows  that  they 
belong  to  ehtirely  different  series.  The  first  phase  of  development 
dealt  with  may  be  called  the  lenticular  stage,  which  might  develop 
in  cither  of  the  two  directions  indicated.  The  next  phase  would  be 
the  Cineta  stage,  in  which  the  front  margin  is  rounded  in  youth, 
truncate  in  adolescence,  incipiently  excavate  and  bilobate  in  the  adults 
as  the  growth-lines  of  the  specimens  show.  The  Cineta  stage  may 
develop  in  two  directions — out  of  broad  fotms  the  quadrifid  stage, 
out  of  narrow  forms  the  comute  stage.  The  next  development  may 
be  called  the  quadricarinate  or  trigonellid  stage  ;  and  the  fourth  stage, 
the  multicarinate  or  pectuneulus  stage.  In  Eudesia  there  is  a  higUy 
developed  multicarinate  stage,  but  the  carinse  are  alternate,  not 
opposite.  In  degree  of  ribbing  it  is  higher  than  Cineta,  and  in 
a  way  even  higher  than  the  peetunculus  stage ;  but  both  the  ribbing 
and  the  loop  forbid  connection  with  Cineta,  The  preceding  stage  is 
exemplified  by  Ismenia  pectunculoides.  A  prior  stage  may  be  seen 
in  Megerlia  Munieri\  and,  as  an  example  of  the  incipient  uniplicate 
8tage,  Terehratula  Whitakeri  may  be  given.  Certain  emendations  in 
nomenclatm-e  appear  to  be  necessitated  as  a  result  of  this  communi- 
cation ;  new  names  are  given,  and  their  application  defined.  A  Table 
is  added  to  phow  the  successive  stages  of  development  along  the 
two  lines. 


CALCAREOUS  NODULES. 

Sir, — It  is  interesting  to  learn,  from  Dr.  Stopcs'  article  on  the 
relation  of  the  Yarra  concretionary  nodules  and  Uie  Lancashire  and 
Yorkshire  *  coal-balls,*  that  her  recent  researches,  in  conjunction  with 
Mr.  TV^atson,  promise  to  settle  the  question  of  the  origin  of  the  latter 
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examples.  In  that  paper  Dr.  Stopes  states  the  supposition  that  the 
Yarra  calcareous  nodules  are  "more  nearly  approximate"  to  the 
clav-ironstone  nodules  of  the  Carhoniferous.  I  was  not  aware,  how- 
over,  that  these  contained  so  large  a  proportion  of  woody  material  as  we 
tind  in  the  Yarra  nodules,  the  vegetable  remains  in  the  *  siderites ' 
being  usually  in  the  form  of  impressions  or  carbonaceous  films.  The 
proportion  of  argillaceous  matter,  moreover,  in  the  nodules  from  the 
Yarra,  is  exceedingly  small,  whilst  the  amount  of  calcareous  material 
is  comparatively  large.  Since  I  omitted  to  give  the  percentages  in  my 
paper  on  the  subject,  they  are  here  appended.  From  the  context  of 
that  paper  it  will  be  apparent  that  the  qualifying  term  *  clay '  (only 
once  used  in  connection  with  these  nodules)  was  a  lapsus  calami. 

The  analysis  of  the  nodules  from  the  Yarra  estuary  is  as  follows : — 
Carbonaceous  matter  =  56  per  cent. ;  calcareous  =  41  per  cent. ; 
arenaceous  and  argillaceous  =  4  per  cent.  With  regard  to  the 
occurrence  of  quartz-grains,  zircons,  etc.,  in  the  Yarra  nodules,  it 
will  be  seen  on  consideration  that  these  are  accidental  constituents 
of  the  matrix^  due  to  local  conditions,  and  which  would  in  no  respect 
affect  the  comparison ;  whilst  the  solidity  and  more  completely 
calcified  condition  of  the  English  'coal-balls'  could  be  accounted 
lor  by  difference  in  age. 

I  have  examined  a  large  number  of  the  English  '  coal-balls,'  both 
microscopically  and  in  hand  specimens,  and  had  brought  with  me  to 
Melbourne  a  number  of  characteristic  examples,  which  I  have  used 
for  comparative  purposes.  I  am  not  in  a  position,  however,  to 
discuss  their  relation  to  the  beds  in  which  they  occur,  since  I  have 
not  examined  them  in  sitH ;  and  therefore  await  Dr.  Stopes'  detailed 
description  with  the  greater  interest.  When  these  results  are  published 
we  may  perhaps  also  learn  whether  the  stems  of  Calamites  and  twigs 
of  Zepidodendron  have  been  found  actually  passing  from  the  nodules 
into  ike  surrounding  deposits.  In  conclusion,  be  the  theory  proved 
either  way,  persontdly  speaking  it  will  be  equally  satisfactory  to. 
know  that  the  modus  operandi  of  their  formation  has  been  successfully 
elucidated.  F.  Chapman. 

Katzokax  Museum,  Mslboubkb. 
jipril  leth,  1907. 


AN  UNPUBLISHED  LETTER  OF  SIR  JOSEPH  PRESTWICH  OX 
SUBMERGENCE  OP  THE  BRITISH  ISLANDS  IN  PLEISTOCENE 
TIMES. 

SiK, — At  a  time  when  the  views  of  those  who,  like  myself,  hold  that 
the  partial  submergence  of  the  British  Isles  is  the  only  way  in  which 
the  existence  of  beds  with  marine  shells  of  living  species  can  be  truly 
accounted  for,  have  been  partially  discredited  by  the  address  of  the 
President  of  Section  C  at  York  last  year,  it  may  be  well  to  produce 
the  following  letter  of  Sir  Joseph  Prestwich,  upon  which  I  have 
accidentaUy  lighted  while  turning  over  a  book  of  geological  memoranda 
written  some  years  since.  In  explanation  of  this  letter  I  may  mention 
that  it  was  written  in  answer  to  one  from  myself,  in  which  I  called 
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the  attention  of  the  writer  to  the  evidence  of  submersion  as  afforde 
by  the  existence  of  the  high-level  shelly  gravels  of  North  Wales  an 
Derbyshire,  together  with  the  existence  of  rolled  quartz-pebbU 
scattered  over  the  Cottswold  Hills  of  Gloucestershire,  formed  ( 
Jurassic  limestones,  up  to  600  feet  above  sea-level ;  a  fact  corroborat*" 
by  Professor  J.  Phillips  in  his  "Geology  of  Oxford."  With  tlii 
preface  I  proceed  to  give  Prestwich's  letter : — 

**  25th  July,  1895. 
**Mt  dear  Hull, — 

Thaoks  for  your  letter.  1  quite  agree  with  you  as  to  the  importai 
submergence  in  Glacial  times,  which  has  left  such  clear  evidence  on  ti 
Cotteswold  Hills  and  Welsh  Mountains.  It  is  surprising  to  mc  that  the  ioi 
ploughing  hypothesis  could  ever  be  sustained.  Some  half-centurv  ago 
was  my  good  fortune  to  como  across  one  of  the  fossiliferoua  gravels  in  tl 
hills  (I loo  feet)  between  Chesterfield  and  Buxton.  Why  ttie  old  simp 
explanation  should  ever  have  been  pushed  on  one  side  in  favour  of  the  moi 
fanciful  view  I  cannot  understand,  unless  it  be  the  innate  love  of  change. 

**Iam, 

Very  truly  yours, 

JOSSPH  PaBSTWICH." 

The  shelly  gravels  of  Moel  Tryfaen,  discovered  by  Trimmer  man 
years  since,  are  well  known,  having  been  often  described ;  but  tho! 
described  by  Nicholson  as  occurring  at  nearly  the  same  level  on  tfa 
Denbighshire  Hills  (from  1070  to  1170  feet)  have  not  been  f 
generally  recognised,  and  yet  are  important  as  indicating  the  level  < 
submergence  over  a  wide  area.  The  beds  occur  on  the  ridge  of  Mill 
stone  Grit  of  Gloppa,  near  Oswestry.  They  are  60  feet  in  thicknesi 
stratified,  and  contain  numerous  marine  shells,  of  which  some  ai 
living  in  the  Irish  Sea  and  are  also  found  in  the  Moel  Tryfaen  bee 
(Q.J.G.S.,  vol.  xlviii,  p.  86). 

Before  concluding,  it  may  be  well  in  this  connection  to  refer  to  ti 
important  paper  by  Mr.  W.  Shone  on  the  **  Glacial  Deposits  of  We 
Cheshire*'  (Q.J.G.S.,  vol.  xxxiv, p.  383),  describing  in  detail  the  th« 
divisions  of  the  Drift  Scries  as  they  are  found  in  Lancashire  an 
Cheshire,  and  the  abundant  marine  fauna  of  the  Upper  Boulder -cla 
and  Middle  Sands  as  they  occur  near  Newton  Hollows  in  Wei 
Cheshire,  both  being  underlain  by  the  Lower  Boulder-clay.  Tb 
Upper  Boulder- clay  is  stated  to  have  yielded  57  species  and  varieti< 
of  MoUusca,  2  Polyzoa,  26  Ostracoda,  3  Echini,  and  the  Midd 
Sands  contain  2  species  of  Cardium,  also  Tellina  baltica  and  2\irr 
iella  terehra;  from  the  Lower  Boulder  Drift  shells  were  absent,  bi 
erratic  blocks  numerous,  offering  a  remarkable  contrast  to  the  ove: 
laying  marine  beds.'  Those  who,  with  Mr.  Lamplugh,  refuse  i 
recognise  an  Interglacial  (as  well  as  Upper  Glacial)  marine  stage  < 
the  Drift  Series,  are  invited  to  read  Mr.  Shone's  very  instructii 
paper,  which  may  be  considered  as  descriptive  of  the  Drift  deposi 
as  they  occur  generally  throughout  the  north-west  of  England. 

EnwABD  Hull. 

14,  Stanley  Gardens,  Xottino  Hill,  "W. 
May  20M,  1907. 

^  See  also  Mr.  R.  D.  Darbishire's  paper  on  the  shells  from  the  Haodesfic 
Drift-beds:  Geol.  Mao.,  1865,  pp.  293-299,  with  a  folding-table  giving  a  h 
of  53  species  found  there. 
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I. — Ow  A  Recx>xstructed  SxELFrrox  OP  Dii'uoi'mos  i>f  thk  British 

Museum  (Natukil  Histoky). 

By  Artkuu  Smith  "Woodward,  LL.D.,  F.K.S. 

(PLATK  XV.) 

"TIOH    many    years    paltcontolofrists    have    anxiously   iiwaitod    the 

J;      reconstruction    of   the    coiuplrto    skt^leton    of    Diprotodon    hy 

Dr.  E.  C.  Stirling,   Mr.  Zictz,   and  their  coIlea^uoR   in   the  South 

Australian  Museum.     In  1893,  when  it  was  announced  that  numerous 

Biarly  complete  skeletons  of  this  pri^nntic  extinct  marsupial  had  been 

dinovered  in  the  arid  interior  of  Soutli  Australia,*  it  was  ho])('d  that 

■11  details  of  its  osteology  would  soon  be  known  ;  but  the  difficulties 

of  ezcayating  and  transporting  the  fragile  bones,  and  the  skill  and 

patience  needed  in  preparing  them  after  they  reached  the  ^luscum  in 

Adelaide,  were  so  considerable  as  to  necessitate  long  delay  in  o])taining 

ntiafactory  results.     At  last,  howover,  a   mounted   reprodiu^tion  of 

a  akeleton  has   been    completed   in   plaster,    and   Dr.    Stirling   has 

published    three    excellent    photographs    of    the    spc(  ini(?n    in    the 

"Report  of  the  Boanl  of  Governors  of  the  l*ublic  Librar}',  Museum, 

and  Art   Gallery  of   South  Australia  for   1905-G,"  lately  re(;cived. 

Tlie  Governors  of  the  South  Australian  !>[usoum  have  given  a  copy 

of  this  restoration  to  the  University  of  Cambridge,  wliere  it  is  now 

nupimfflfl   in   the  Museum  of   Zoology.     They  have  also  generously 

proaonted  to  the   British   ^iluseum  a  set  of   actual   linib-bunes   and 

oaadal    vertebne,    with    sulHcient    plaster    casts    to    complete    the 

neonstructed    skeleton   which    is   shown   in    riato    XV.      As    this 

XWtoiation  differs  in  some  respects  from  that  in  Adelaide,  it  appears 

to  need  a  brief  explanation. 

The  head  and  the  presacral  jiart  of  the  vertebral  column  in 
tiiB  British  Museum  spccimiru  are  exact  copies  in  plastiT  of  the 
feoonstruction  in  Adelaide.  The  skull,  uufortiinat(.'ly,  is  only 
n  restored  model,  all  the  original  specimens  froin  Lake  Callabonna 
being  too  much  crushed  for  satisfactorj'  use.  The  precise  shape  of 
liie  skull  of  Diprotodon,  in  fact,  still  remains  to  bo  discovered;  for 
a  xecent    careful    examination   of    the    specimen    from    (iu<'ensland 

t  E.  C.  Stirliiiff:  Troc.  Zool.  Soc,  ISU.J,  p.  47:> ;  also  "The  K.icnt  DiscoMTy 
of  Fossil  llcmaiu^  at  Lake  Calluboiuia,  Snuth  Australia":  XiUmc,  vi.l.  l  (IbUl), 
pp.  184-188,  206-211. 
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described  by  Owen,^  has  proved  that  the  whole  of  its  middle  part 
is  a  hypothetical  restoration  in  plaster.  In  the  latter  specimen  all 
the  brain-case  is  wanting,  except  the  occipital  plate ;  and  now  that 
the  added  plaster  has  been  removed,  a  correct  adjustment  of  the 
zygomatic  arches  shows  that  the  total  length  of  the  skull  is  from 
four  to  five  inches  shorter  than  it  was  supposed  to  be  by  Owen. 
The  newly -determined  length  agrees  with  that  of  the  South  Australian 
model,  but  in  other  respects  the  actual  portions  of  skull  preserved 
differ  considerably  from  the  corresponding  parts  of  the  model.  This 
model  is  altogether  wider  and  stouter  than  Owen's  original  specimen 
from  Queensland,  with  a  much  deeper  zygomatic  arch.  Its  mastoid 
processes  are  made  larger;  the  occipital  plate  is  higher  at  the  sides, 
the  lambdoidal  crest  not  sloping  so  much  from  the  apex ;  and  above 
the  foramen  magnum  there  should  be  a  well-marked  depression,  which 
was  partly  filled  with  plaster  in  the  Queensland  specimen  when  Owen 
prepared  his  description.  At  least,  if  there  is  justification  for  these 
features  of  the  model  in  the  Callabonna  specimens,  the  South 
Australian  animal  is  specifically  distinct  from  Diprotodon  atutralit. 
The  seven  cervical  vertebra)  agree  well  with  those  from  Queensland 
in  the  British  Museum.  There  are  fourteen  thoracic  and  five  lumbar 
vertebra),  all  with  the  neural  arches  much  less  elevated  than  those 
shown  in  Owen's  original  restored  drawing  of  the  animal.  The  centra 
of  the  posterior  dorsal  and  lumbar  vertebrae  are  slightly  wedge-shaped, 
and  readily  form  the  cuive  in  which  they  are  now  mounted. 

The  pelvis  and  sacrum  in  the  British  Museum  skeleton  are  a  copy 
in  plaster  of  a  well-preser^'ed  specimen  from  Queensland,  with  the 
anterior  expansion  of  each  ilium  restored  from  the  photograph  of 
a  pelvis  found  in  the  Wellington  Caves,  New  South  Wales  (pn)bably 
now  in  the  Australian  Museum,  Sydney.)  Two  Queensland  specimens 
in  the  British  Museum  and  the  original  of  the  photograph  just 
mentioned  exhibit  only  two  sacral  vertebra)  fused  with  the  pelvis, 
as  alreadv  described  bv  Owen.'  AVe  have  therefore  ventured  to 
regard  the  sacral  vertebrae  as  normally  two  in  number,  and  have  not 
reconstructed  the  additional  two  vertebra)  to  confoim  to  the  South 
Australian  restoration,  which  has  a  sacrum  of  four  vertebrae  fused 
with  the  pelvis.  The  caudal  vertebra),  actual  specimens  from  Lake 
Callabonna,  are  nineteen  in  number. 

In  the  limbs  of  the  British  Museum  skeleton,  the  scapulae  are 
plaster  casts  of  two  specimens  from  Queensland,  while  the  fore  and 
liind  feet  of  the  right  side  are  plaster  casts  of  feet  in  the  South 
Australian  Museum.  All  the  other  parts  are  actual  bones  carefully 
selected  by  Dr.  Stirling  from  his  large  collection  from  Lake  Callabonna. 
The  humerus  and  femur  are  about  equal  in  length,  the  first  being 
slightly  longer,  the  second  slightly  shorter  than  the  corresponding 
bones  in  Dr.  Stirling's  restoration.  The  length  of  the  scapula  bears 
the  same  relation  to  that  of  the  humerus  as  in  the  latter  i^storation. 
The  feet  exhibit  well  the  diminutive  digits,   and   conform    to  the 

^  R.   Owen,    **0n  the   Fossil  Mammals  of  Australia. — Part  III:  Diprotodon 
aust rail's,  Owen"  :  Phil.  Trans.,  ISTO*,  p.  621,  pi.  ixxv. 
2  Loc.  cit.,  1870,  p.  554,  pi.  xlvii. 


O.  C.  Criek — Cretaceous  Rocka  of  Natal  and  Zululand.      339 

admirable  description  already  published  by  Dr.  Stirling  and  Mr.  Zietz.^ 
As  pointed  oat  by  M.  Dollo,'  the  reduced  and  opposable  inner  digit  of 
the  hind  foot  suggests  that  the  immediate  ancestors  of  Biprotodon 
were  arboreal  in  habit. 

The  slight  discrepancy  in  the  relative  length  of  the  limbs  in  the 
two  reconstructed  skeletons  obviously  causes  a  considerable  difference 
in  their  general  proportions  aud  appearance.     The  curvature  of  the 
back  and  the  relatively  high  forequarters  in  the  British   Museum 
specimen  make  it  approximate   more   closely  in  attitude  to  Owen's 
original  tentative  restoration  ^  than  to  the  plaster  cast  as  mounted  in 
Adelaide.     In  both  cases  the  limb-bones  seem  to  have  been  selected 
from  several  individuals,  and  Dr.  Stirling  and  Mr.  Zietz  have  not  yet 
published  their  measurements  of  the  complete  skeletons  as  they  lay  on 
the   ground  before  removal.*     The  final   decision   as   to   the  exact 
proportions  of  Diprotodon  must  depend  on  these  and  other  measure- 
ments of  associated  bones,  for  it  is  evident  that  individuals  vary  in 
€ize.      While  expressing  our  grateful  appreciation  of  the  valuable 
contributions  which  Dr.  Stirling  and  Mr.  Zietz  have  already  made  to 
our  knowledge  of  this  remarkable  extinct  Australian  quadruped,  we 
therefore  venture  to  hope  that  their  memoir  on  the  whole  skeleton 
vill  now  soon  be  ready  for  publication. 

The  original  photograph  of  the  skeleton  of  Diprotodon^  used  in 
preparing  Plate  XV,  was  taken  by  Sir  J.  Benjamin  Stone,  M.P., 
T.G.S.,  on  the  14th  June  last,  in  the  Hall  of  the  British  Museum 
of  Natural  History,  Cromwell  Road,  and  by  his  kind  permission  is 
liere  reproduced  for  the  first  time. 


II. — The   Cbetaceous    Rocks   op  Xatal  and   Zululand   and  their 

Cephalopod  Fauna. 

By  G.  C.  Chick,  A.K.S.M.,  F.G.S.,  of  the  British  Museum  (Natural  Histor)-). 

fSVITII  A  PAGE  MAP.) 

IN  the  **  Third  and  Final  Report  of  the  Geological  Survey  of  Xatal 
and  Zululand  "  that  has  just  been  published  the  Cretaceous  rocks 
and  their  fauna  receive  considerable  attention  ;  Mr.  William  Anderson, 
F.G.S.,  the  Goveniment  Geologist,  gives  an  excellent  summary 
(pp.  47-64)  of  all  the  information  he  had  been  able  to  obtain  respecting 
the  Cretaceous  rocks  of  Natal  and  Zululand,  and  there  are  two 
contributions  on  the  fauna  of  some  Cretaceous  deposits  in  Zululand, 
one  by  Mr.  R.  Etheridge  and  the  other  by  the  present  writer.  Before 
referring  particularly  to  the  Cephalopod  fauna  of  the  Cretaceous  rocks 
of  Natid  and  Zululand  it  may  be  of  interest  to  give  a  brief  sketch  of 
the  distributiSn  of  these  rocks  as  recorded  by  Mr.  Anderson. 

1  E.  C.  Stirling  &  A.  H.  C.  Zietz,  **  Description  of  the  Mana'*  and  Pes  of 
BiprototUm  austraha^  Owen  "  :  Mem.  Roy.  Soc.  S.  Australia,  vol.  i  (1899),  pp.  1-40, 
pis.  i-xviii.     See  also  Geol.  Mao.,  1900',  p.  28. 

'  L.  Dollo,  **  Le  Pied  du  Diprotodon  et  TOrigino  Arboricole  des  Marsupiaux** : 
Bull.  Sci.  France  et  Belg.,  vol.  xxxiii  (1900),  pp.  278-283. 

»  Loc.  cit.,  1870,  pi.  L. 

*  See  the  interesting  photograph  in  Mem.  Roy.  Soc.  S.  Australia,  vol.  i,  pi.  a,  fig.  2. 
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More  than  fifty  years  ago  the  presence  of  rocks  of  Cretaceous  age 
was  recorded  on  the  coast  of  Pondoland,^  to  the  south  of  Natal,  and  in 
geological  literature  these  are  not  infrequently  referred  to  as  Cretaceous 
rocks  of  Natal,  but  the  first  record  of  the  occurrence  of  Cretaceous 
deposits  in  Natal  and  Zululand  was  made  in  1871  by  Mr.  C.  L. 
Griesbach  in  his  paper  *'  On  the  Geology  of  Natal  in  South  Africa," 
who,  when  describing  more  especially  the  Cretaceous  deposits  of 
Pondoland,  records  the  existence  in  Natal  of  Cretaceous  outcrops  "on 
the  Impenyati  River  and  at  some  of  the  more  southern  rivulets  which 
run  into  the  sea  between  the  boundary  of  Natal  and  the  St.  John's 
River  (Umzimvooboo)."  **The  same,"  he  goes  on  to  say,  "are 
also  recognised  in  the  bed  of  a  small  stream,  ininning  into  the  St.  Lucia 
Bay,  in  the  Zulu  country."  Shortly  afterwards  Mr.  St.  V.  W.  Erskine 
recorded  the  occuiTence  all  the  way  up  from  St.  Lucia  Bay  to  the 
Zambesi  River  of  limestones  and  arenaceous  beds  ;  these  Mr.  Anderson 
considers  to  be  of  Upper  Cretaceous  age,  excepting  perhaps  some 
deposits  in  isolated  positions  that  are  probably  of  Tertiary  age. 

In  Natal  proper  there  are  only  two  localities  in  which  Cretaceous 
rocks  are  known  to  occur.  The  more  southerly  of  these  is  on  the 
south-east  coast,  and  extends  between  high  and  low  water  marks 
northwaixls  from  the  mouth  of  the  Umpenyati  River  (about  nine  or 
ten  miles  from  the  Umtamvuna  River,  which  forms  the  southern 
boundary  of  Natal)  to  within  half  a  mile  of  the  mouth  of  the 
TJmhlengeni  River,  a  distance  of  about  a  mile  and  a  half.  The  other 
locality  is  at  Durban,  between  80  and  90  miles  further  north,  where 
the  rocks  were  met  with  in  a  boring  at  the  Bluff. 

In  Zululand  the  most  southerly  point  at  which  Cretaceous  rocks  are 
known  to  occur  is  on  the  north  side  of  the  Umhlatuzi  Lagoon,  close  to 
the  coast,  where  they  have  been  found  in  borings,  but  Mr.  Anderson 
thinks  it  is  probable  that  they  are  also  present  under  the  most  super- 
ficial deposits  nearly  as  far  south  as  the  TJmlalaaz  River,  which  is 
some  twenty  miles  farther  south,  i.e.  about  five  or  six  miles  south  of 
Port  Dumford,  although  no  deposits  of  this  age  have  actually  been 
seen  on  the  coast  between  the  Umhlatuzi  Lagoon  and  Durban  in 
Natal,  a  distance  of  about  one  hundred  miles. 

Of  the  surface  outcrops  of  the  Cretaceous  rocks  in  Zululand  the 
most  southerly  is  at  Umkwelane  Hill,  near  Lake  Isitesa,  on  the  south 
side  of  the  Umfolosi  River.  It  is  entirely  confined  to  the  hill.  This 
deposit,  of  which  the  fauna  has  been  described  by  Mr.  R.  Etheridge 
in  the  **  Second  Report  of  the  Geological  Survey  of  Natal  and  Zulu- 
land,"  1904,  is  some  20  miles  north  of  the  Umhlatuzi  Lagoon  and 
about  15  miles  from  the  coast.  According  to  Mr.  Anderson  fiie  lime* 
stone  in  the  two  localities  is  almost  identical  petrologically,  whilst 
some  of  the  fossils  obtained  from  the  bores  at  the  Umhlatuzi  Lagoon 
were  identifiable  with  some  of  those  occurring  at  the  Umkwelane  HiD. 
At  the  common  exit  of  the  Umfolosi  River  and  the  drainage  of 
St.  Lucia  Lake  into  the  sea  at  St.  Lucia  Bay,  there  are  calcareous 

'  E.  J.  Garden,  *^  Notice  of  some  Cretaceous  Rocks  near  Natal,  Sooth  Africa  '* : 
Quart.  Joum.  Geol.  Soc,  vol.  xi  (1855J,  pp.  453-454.  W.  H.  Bidly,  •«  Deecriptions 
of  some  Cretaceous  Fossils  from  Scuta  Africa,  collected  by  Captain  Garden  of  the 
45th  Kegiment "  :  ibid.,  vol.  xi  (1855),  pp.  454-465,  pis.  xi,  xii,  xiii. 
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sandstones  which  hitherto  have  proved  unfossiliferous ;  these,  and 
similar  rocks  occurring  further  to  the  north  at  Cape  Vidal,  Mr.  Anderson 
is  inclined  to  think  will  prove  to  be  of  Tertiary  age.  At  many  points 
round  the  edges  of  St.  Lucia  Lake  and  False  fiay,  Mr.  Anderson 
observed  low  outcrops  of  horizontally  bedded  strata,  consisting  chiefly 
of  calcareous  marls  and  sandstones.  The  few  fragmentary  fossils 
obtained  from  these  Mr.  Etheridge  was  inclined  to  refer  rather  to  the 
Tertiarj'  than  to  the  Cretaceous  system.  Near  the  northern  end  of 
Palse  Bay  the  western  boundarj-  of  the  littoral  is  formed  by  the 
Khyolite  of  the  Lebombo  Range,  which  extends  thence  northward 
past  the  Portuguese  border;  between  False  liay  and  the  western 
boundary  of  the  littoral  there  are  several  Cretaceous  outcrops  which 
have  yielded  characteristic  Cretaceous  fossils. 

As  it  is  principally  with  the  Cephalopod  fauna  of  these  several 
outcrops  that  the  present  communication  deals,  they  may  be  best 
described  in  Mr.  Anderson's  own  words. 

'*  The  Manuan  Creek, ^  which  joins  the  Umsinene  River  before  its 
entrance  into  False  Bay,  has  three  tributaries,  over  each  of  which  the 
northern  wagon -track  passes.  !Xear  each  of  the  three  crossings 
outcrops  of  Cretaceous  rocks  occur  containing  fossils.  The  fossils 
from  the  outcrops  at  the  most  southerly  tributary  are  described  by 
3Ir.  R.  Etheridge  as  Part  II  of  the  *  Cretaceous  Fossils  of  Natal,*  in 
the  present  Report  of  the  Geological  Survey  (p.  67),  under  the  title  of 
the  *  Umsinene  River  Deposit.*  This  name  does  not  describe  accurately 
the  position  of  the  deposit  from  which  the  fossils  that  are  described 
Game,  but  owing  to  the  fact  that  there  arc  four  fossiliferous  deposits 
all  in  a  small  portion  of  the  Manuan  Creek  basin,  the  name  *  Umsinene 
Deposit*  refers  to  the  deposit  occurring  immediately  to  the  north  of 
the  crossing  of  the  most  southerly  tributary  of  the  ^fanuan  Creek. 
The  others  are  at  the  crossing  of  the  middle  and  the  northern  tributaiy, 
to  the  east  of  Crossly*s  store,  while  the  fourth  locality  is  near,  but  to 
the  west  of,  the  junction  of  the  Manuan  Creek  with  the  Umsinene 
River. 

'*  The  outcrop  of  the  'Umsinene  deposit*  is  of  limited  extent  and 
Is  exposed  chiefly  in  the  bed  of  the  southernmost  tributary  of  the 
Manuan  Creek,  and  on  the  rising  ground  to  the  north  of  it,  and  it 
again  appears  where  the  wagon-track  crosses  the  next  spruit  to  the 
north.  The  rock  is  a  calcareous,  argillaceous,  fine-grained  sandstone 
of  a  brownish  colour,  with  fossils  scattered  sparingly  through  it  .... 
**  The  next  deposit  occurs  on  the  middle  tributary  of  the  Manuan 
Creek  to  the  north.  Where  the  wagon- track  crosses  this  creek  the 
rock  is  Rhy elite,  which  persists  right  to  the  source  of  the  creek. 
Below  the  crossing  the  right-hand  bank  is  entirely  of  Ehyolito,  while 
on  the  left-hand  bank  a  small  outcrop  of  fossiliferous  Cretaceous 
rocks  occurs.** 

"  The  fossils  in  this  deposit,**  says  Mr.  Anderson,  **arc  described 
by  Mr.  G.  C.  Crick  ....  in  this  Report  under  the  title  of  *  The 
8outh  Manuan  Creek  Deposit.*  ** 

1  This  name  is  not  given  in  anv  of  tho  maps  accompauyiiiir  Mr.  Anderson's 
reports,  and  has  therefore  been  omitt43d  in  the  map  which  i**  reproduced  herewith. 
It  appears  to  be  the  stream,  flowiu<;  trom  the  north,  which  joins  the  Umsinene 
£iTer  just  before  its  entrance  into  False  Bay. 
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"  At  intervals,"  Mr.  Anderson  continues,  "Cretaceous  beds  crop 
out  in  the  bed  of  the  northern  tributary  of  the  Manuan  Creek  as  fax 
west  as  the  point  where  the  Mkuzi '  River  track  crosses  the  creek,  at 
the  foot  of  the  hill  to  the  east  of  Crossly' s  stoiH}  ....  The  fossils 
from  this  deposit  have  not  yet  been  described." 

**  The  other  fossiliferous  Cretaceous  deposits,"  writes  Mr.  Anderson, 
'*  which  I  have  been  able  to  visit  and  make  collections  from  are 
situated  near  the  junction  of  the  Manuan  and  the  Umsinene  Rivers. 
The  exposure  shows  a  thicker  series  of  beds  than  in  any  other  locality 
from  which  I  have  collected.  There  are  from  70  to  100  feet  of  strata 
exposed,  chiefly  calcareous  sandy  shales  and  sandstones,  the  whole 
being  capped  by  a  veiy  hard  calcareous  sandstone  full  of  broken 
shells.  The  beds  are  exposed  almost  continuously  where  the  bank 
is  precipitous.  They  are  exceedingly  prolific  in  fossils,  chiefly 
MoUusca,  Cephalopoda,  and  Gasteropoda.  The  Cephalopoda  are 
extremely  abundant,  and  range  in  size  from  forms  of  half  an  inch 
to  over  a  yard  in  diameter.  The  fossils  weather  from  the  shales  in 
a  perfect  condition,  but  from  long  exposure  on  the  surface  to  the 
atmosphere,  rains,  and  bush  fires,  they  are  largely  composed  of  casts. 
Some  good  specimens,  however,  were  obtained.  These  are  described 
by  Mr.  G.  C.  Crick,  of  the  British  Museum,  in  this  Report,  under 
the  title  of  the  *  North  End  of  False  Bay  Deposit.' " 

According  to  Mr.  Anderson  there  are  many  other  localities  in  the 
neighbourhood  of  False  Bay  where  the  Cretaceous  rocks  are  exposed, 
but  he  had  not  been  able  to  make  collections  from  them.  The  most 
northerly  point  from  which  ho  had  obtained  fossils  was  to  the  east 
of  Crossly*s  store,  near  the  southern  end  of  the  Lebombo  Range,  but 
he  knows  of  other  outcrops  of  fossiliferous  rocks  still  further  north. 

Having  given  this  brief  sketch  of  the  distribution  of  the  Cretaceous 
rocks  of  Isatal  and  Zululand,  attention  may  now  be  directed  to  the 
Ce])halopod  fauna  of  these  deposits. 

it  may  first  be  mentioned  that  the  fauna  of  the  Cretaceous  rocks  of 
Pondohind  (known  also  as  the  Umtamfuna  or  Umzamba  Beds),  that 
was  first  described  by  Baily  in  1855,  has  quite  recently  been  the 
subject  of  a  memoir,  in  the  Annals  of  the  South  African  Museum 
(vol.  iv,  pt.  7,  1 906),  by  ^Ir.  11.  Woods,  who  concludes  that  the  whole  of 
these  beds  are  of  Campanian  (Upper  Senonian)  age. 

Of  the  two  localities  iu  Natal  proper  at  which  Cretaceous  deposits 
are  known  to  be  present,  the  beds  at  the  one  which  occurs  on  the 
coast  between  high  and  low  water  marks,  between  the  mouth  of  the 
Umpenyati  River  and  the  mouth  of  the  TJmhlengeni  River,  agree, 
accordiug  to  Mr.  Anderson,  both  petrol ogically  and  palo^ontologically 
with  the  beds  on  the  coast  of  Pondoland  to  the  south.  As 
!Mr.  Anderson  points  out,  the  lower  portion  of  the  series  is  much  more 
fossiliferous  than  the  upper  portion,  though  it  is  not  possible  to  divide 
the  series  into  recognisable  subdivisions.  From  the  list  of  the  Cephalo- 
poda given  by  Mr.  Anderson  (Third  Report,  pp.  50-51),  there  can  be 
no  doubt  about  the  identification  of  these  strata  with  the  TJmtamvuna 

*  Spt- It  *  Umkusi '  on  the  map. 
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)r  Umzamba  Beds.*  At  the  mouth  of  the  Bohoi  Riyer,  between  the 
[Jmtamvana  and  TJmpenyati  Kivers,  there  is  a  small  outcrop  of 
lorizontal  unfossiliferous  sedimentary  rocks  that  Mr.  Anderson  thinks 
A  probably  a  small  outlier  of  tho  same  series  of  rocks. 

In  the  boring  at  the  Bluff,  Durban,  only  fragmentary  fossils  were 
)btaincd  ;  no  Cephalopods  are  quoted.  In  his  work  on  the  '*  Pseudo- 
jeratites  of  the  Cretaceous  "  (Mon.  U.S.  Geol.  Surv.,  vol.  xliv,  1903), 
Professor  Hyatt  described  and  figured  (p.  86,  pi.  xi,  figs.  2-6)  as 
Eulophoceras  natalense,  gen.  et  sp.  nov.,  a  single  specimen,  the  locaiity 
)f  which  he  gave  as  Port  Natal,  South  Africa.  Mr.  Anderson  doubts 
tho  locality  given  by  Hyatt,  and  says  (p.  50) :  **  As  the  presence  of 
Dretaceous  rocks  at  Port  Natal  has  only  recently  been  made  known, 
ind  as  no  outcrops  of  them  occur  on  the  present  land  surface,  it  is 
inlikely  to  have  been  thrown  up  from  the  possible  outcrop  on  the 
lea-floor,  and  I  think  it  is  more  than  probable  that  the  actual  locality 
from  which  it  came  was  not  Port  Natal,  but  probably  it  was  a  specimen 
vhich  had  been  brought  to  the  Port,  either  from  the  Upper  Cretaceous 
leposits  at  the  mouth  of  the  Umpcnyati  River,  on  the  south-east 
x>ast  of  Natal,  or  from  tho  Cretaceous  deposits  on  tho  coast  of 
Pondoland."  This  opinion  is  strengthened  by  the  occurrence  of  the 
nme  genus  and  possibly  the  same  species  among  the  fossils  described 
)y  Mr.  Woods  from  Pondoland. 

In  Zululand  the  most  southerly  outcrop  of  Cretaceous  rocks  from 
?hich  fossils  have  been  obtained  is  at  Umkwelane  Hill,  near  Lake 
jitesa,  south  of  the  Umfolosi  River.  Tho  fossils,  which  were 
Icflcribed  by  Mr.  R.  Etheridge  in  the  **  Second  Report  of  the 
jeological  Survey  of  Natal  and  Zululand,"  1904,  included  a  few 
Cephalopods,  viz.,  two  new  species  of  PlacniticeraSy  an  undetermined 
pecies  doubtfully  referred  to  the  genus  Creniceras,  a  fragment  of 
^amtiea,  and  a  piece  of  BaciiUtes,  Comparing  the  whole  fauna 
rith  that  of  the  Umtamvuna  (or  Umzamba)  Beds  in  Pondoland, 
Jr.  Etheridge  says  (Second  Report.  1904,  p.  93) :  **  Puzosia  Gardenia 
kdly,  sp.,  has  not  been  observed  in  the  present  collection,  nor  any 
f  the  Ammonites  mentioned  as  occurring  in  Griesbaclfs  stnitum  r, 
lor  7>r^<fo-bored  wood  as  in  e  of  the  same  author.  The  faunii  of  the 
Jmkwelane  Hill  Deposit  consists,  with  few  exceptions,  of  bivalves 
nd  univalves,  like  that  of  Griesbach*s  stratum  h,  and  some  of  the 
pecies  are  identical  with  those  met  with  in  the  latter.  There  appears 
>  be  a  close  connection  between  the  fossils  of  the  two  beds  ;  possibly 
liev  mav  be  actuallv  on  the  same  honzon."  Mr.  Woods  considers 
de  Umkwelane  Hill  Deposit  to  be  of  the  same  age  as  the  Cretaceous 
jcks  of  Pondoland,  and  this  opinion  is  strengthened  by  the  occurrence 
t  Umkwelane  Hill  of  an  ammonite  which  the  present  writer  refers 
rhird  Report,  1907,  p.  228,  pi.  xv,  figs.  9,  9rt)  to  the  genus 
iortoniceran,  and  regards  as  being  related  to  Jlortoniciras  Soutoni 
ad  Jf.  Stangfri  from  the  Cretaceous  rocks  of  Pondoland. 
Although  this  is  the  most  southerly  outcrop  of  the  Cretaceous  beds 
I  Zululand,  they  have  been  met  with  some  20  miles  further  south, 
L  bores  which  were  sunk  to  the  north  of  the  Umhlatuzi  Lagoon  close 

*  The  present  writer  has  alfto  recofruized  (Third  Report,  1907,  p.  250)  from  the 
mpenvati  strata  an  example  of  Schl(£nbachia  umbulazif  a  upecies  originally  described 
om  the  Pondoland  deposits. 
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to  the  mouth  of  the  TJmhlatuzi  River,  as  an  arenaceous  limestone  full 
of  fossils,  which,  according:  to  Mr.  Anderson,  were  identifiable  with 
some  of  those  occurring  in  the  limestone  at  Umkwelane  HiU. 

Most  of  the  outcrops  of  Cretaceous  rocks  in  Zuiuiand,  from  which 
Mr.  Anderson  collected  fossils,  are  in  the  neighbourhood  of  the  north 
end  of  False  Bay  and  St.  Lucia  Lake,  some  40  miles  north  of 
Umkwelane  Hill.  The  fossils  from  several  of  these  outcrops  have 
been  described  in  the  **  Third  and  Final  Keport,"  which  has  just  been 
issued. 

Some  of  these  fossils  are  described  by  Mr.  R.  Etheridge  under  the 
title  of  the  **  Umsinene  River  Deposit  '* ;  whilst  the  pi'esent  writer 
has  described  **  The  Cephalopoda  from  the  North  End  of  False  Bay, 
Zuiuiand,"  and  **The  Cephalopoda  from  the  Tributaries  of  the 
Manuan  Creek,  Zuiuiand." 

As  already  stated,  the  Manuan  Creek,  which  joins  the  Umsinene 
River  before  its  entrance  into  False  Bay,  has  three  tributaries,  over 
each  of  which  the  wagon-track  passes.  It  was,  Mr.  Anderson  states, 
from  the  deposit  occurring  immediately  to  the  north  of  the  crossing  of 
the  most  southerlv  tributarv^  of  the  Manuan  Creek  that  the  fossils 
described  by  Mr.  Etheridge  under  the  title  of  the  **  Umsinene  River 
Deposit "  were  obtained.  Referring  to  this  fauna  Mr.  Etheridge 
says  :  "  Only  one  species  can  be  said  to  be  actually  identical  with  the 
Umkwelane  Hill  fauna,  viz.,  Alaria  (?)  Bailyi^  Eth.  fil.,  but  as  the 
general  facics  of  the  Umsinene  fossils  resembles  that  of  the  Umkwelane 
Hill  bed,  I  am  induced  to  regard  them  simply  as  horizons  in  one  and 
the  same  geological  series."  Mr.  Etheridge  goes  on  to  say:  **If  my 
determinations  of  these  verv  fragmentary  fossils  are  correct,  we  find 
in  the  Umsinene  bed  four  Uitenhage  forms  "  .  .  .  .  and  then, 
referring  to  the  Cephalopoda,  which  include  only  a  few  forms,  viz., 
DoHvilleiceras  (?)  nodosum,  n.sp.,  DouvilleiceraH  sp.,  Desmoceras  sp.,  and 
Hmnites  sp.,  remarks  that  **as  in  the  case  of  the  Umkwelane  Hill 
fauna  there  is  an  entire  absence  of  those  species  recorded  from  his 
Umtafuna  fauna  by  Griesbach." 

Of  the  Cephalopod  faunas  described  by  the  present  writer  in  the 
Report,  that  from  the  d(*posit  at  the  north  end  of  False  Bay,  and  near 
the  junction  of  the  Manuan  and  Umsinene  Rivers,  where  from  70  to 
100  feet  of  strata  are  exposed,  is  a  particularly  rich  one,  the  forms 
ranging  in  size,  according  to  Mr.  Anderson's  statement,  from  half  an 
inch  to  more  than  a  yard  in  diameter ;  it  includes  the  genera 
Phylloceraft,  Gaudnjceras,  Tetragonitea^  Turrilites^  BaculiteSy  Knemo- 
ceras^?),  Forhesiceras,  Acanfhoceras,  Deamoceras,  Puzosi'af  and  Nautilus, 
with  many  new  forms,  the  number  of  forms  of  Acanthoceras  being 
particularly  noteworthy. 

Compared  with  the  fauna  of  the  nearest  outcrop,  viz.,  that  described 
under  the  title  of  *^  The  Umsinene  River  Deposit,  Zuiuiand,"  the 
False  Bay  deposit  has  not  yielded  any  specimen  resembling  either 
the  Hamite  or  the  examples  doubtfully  referred  to  the  genus 
Domilleiceras,  but  the  specimen  recorded  from  the  Umsinene  River 

^  This  tribiitiry  is  not  named  in  the  map  accompanying  thi^  paper;  from 
Mr.  Anch'rson'n  description  it  appears*  to  be  the  stream  which  is  named  the  Unymma 
Kiver  in  the  Geological  Sketch-maps  of  Zuiuiand  i«isued  with  the  First  and  ;^econd 
lleports  rft*pectively. 
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deposit  as  Deimoceras  sp.  resembles  some  of  the  forms  Trhich  are 
described  from  the  False  Bay  deposit  as  Ptaosia,  although  it  does 
not  actually  agree  with  any  one  of  them.  The  fauna  of  this  deposit 
does  not  include  any  of  the  forms  wliicli  have  been  recognized  in  the 
Umkwelane  Hill  deposit,  some  40  miles  to  the  south  ;  nor  any  of 
those  recorded  from  the  Umpenyati  strata  still  further  south  ;  nor 
any  of  the  species  described  from  the  Cretaceous  rocks  in  Pondoland. 
The  relation  of  the  False  Bay  fauna  to  that  of  the  Manuan  Cre(;k 
deposits,  which  are  only  at  a  comparatively  short  distance,  is  referred 
to  below. 

To  the  north  of  Zululand  Professor  Kilian^  has  recorded  the 
occurrence  of  an  Aptian  fauna  at  Delagoa  Bay,  but  the  False  Bay 
fauna  contains  no  Aptian  fonns.  Still  further  to  the  north,  from 
rocks  near  the  mouth  of  the  Conduoia  River,  which  debouches  into 
the  Indian  Ocean  a  little  north  of  Mozambique,  M.  Paul  Choffat^  has 
described  a  fauna  composed  principally  of  Ceplialopods,  the  age  of 
which  he  regards  as  from  Vraconnian  to  Cenomanian.  M.  Lemoine' 
considers  them  to  be  of  Cenomanian  age.  Some  of  the  forms  closely 
resemble  some  of  those  from  the  False  Bay  deposit. 

The  fauna  from  the  north  end  of  False  Bay  is  undoubtedly  of 
Cenomanian  age. 

The  Cenomanian  fauna  which  has  been  recorded,*  and  is  being 
described,*  from  the  north  of  Madagascar,  presents  a  striking 
resemblance  to  the  False  Bay  fauna.  Several  of  the  species  which, 
up  to  the  present,  have  been  characterized,  are  represented  in  the 
False  Bay  deposit,  and  doubtless  when  the  whole  fauna  has  been 
described  the  similarity  between  the  two  faunas  will  be  very  apparent. 

The  False  Bay  fauna  also  shows  great  analogy  to  that  of  the 
Ftatur  Group  in  the  Trichinopoli  district  of  Southern  India, 
particularly  with  its  Middle  and  Lower  portions.  According  to 
Dr.  Kossmat,*  the  equivalents  of  this  group  are  as  follows:  — 
Upper  Utatur  =  Lower  Turonian ;  Middle  Utatur  =  Uppi*r  and 
Middle  Cenomanian ;,  Lower  Utatiir  =  Lower  Cenomanian  (Vra- 
connian). 

The  False  Bay  fauna  also  exhibits  analogy  to  that  of  the  Cenomanian 
of  Europe. 

Other  Cephalopoda  also  described  by  the  present  writer  in  the 
same  Keport  are  recorded  under  the  title  **  The  Cephalopoda  from 

*  W.Kilian  :  **  Sur quelques  <risonipnt.s  de  Tetajre  aptien,*'  Bull.  Soe.  <^0o].  France. 
s6r.  n',  ii  (1902),  p.  358  ;  *'  Sur  Ic  presence  de  Tetanfe  Aptien  daus  lo  Sud-Es.t  do 
rAfrioue,'*  Comptes  rendas,  cxxxv,  No.  1  (7  Juli,  1902),  pp.  (58-71  ;  *'  Ueber  Aptien 
in  Siidafrita,"  Centralbl.fiir  Mineral.  Geol.und  Palaeiuit.,  No.  15  (Auiru^t  C,  1902), 
pp.  465-8. 

'  Paul  Choffat :  **  Contributtons  a  la  connai.ssance  geolojrifpie  dt^  colonies  portuiraises 
d'Afrique  :  I.  Le  Cretacique  de  Conducia,"  1903.     (Com.  8erv.  ireol.  Tortuirai.) 

'  P.  Lemoine  :  **  Etudes  j^ologirpies  dans  lo  nord  do  Mada^jr^s^'ir,'*  1906.  p.  IVJO. 

♦  For  references  see  P.  T^nioine :  "  Etudes  geologi(iues  dans  le  nord  de  Madaixa^^car," 
1906. 

*  M.  Boule,  P.  Tjemoine,  and  A.  Thevenin:  Ann.  de  Paleont.,  i. 

•  F.  Kossmat,  **  Die  Bedeutunj?  der  siidindischen  Kreide  format  ion.  etc."  :  Jalirb. 
d.  k.k.  ge*)l.  Reichj»anst.,  Wien,  lid.  xliv  (1894),  Ilett.  iii  and  iv  (April,  189.3), 
p.  460;  and  Records  Geol.  JSurv.  India,  xwiii,  pt.  2  (May,  1S9.3).  p.  4U. 
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tho  Tributaries  of  the  Manuan  Creek,  Zululond."  Most  of  these, 
principally  Nautili,  were  stated  to  have  come  from  the  "South 
iSranch,  Manuan  Creek/*  a  few  only  being  labelled  **  Crossing  Middle 
Tributary,  Manuan  Creek."  It  would  appear,  however,  from 
Mr.  Anderson's  remarks  in  the  Report  which  has  just  been  issued 
(p.  59)  that  all  the  specimens  which  the  present  writer  has  described 
from  the  "  Tributaries  of  the  Manuan  Creek "  were  obtained  from 
the  deposit  which  has  been  referred  to  above*  as  occurring  on  the 
left-hand  bank  of  the  middle  tributary.  **  The  outcrop,"  says 
Mr.  Anderson,  "  is  a  very  small  outlier,  exposed  on  the  slope  of  the 
northern  bank  of  the  creek,  and  is  completely  isolated  on  the  Bhyolite. 
This  exposure  passes  along  the  north  side  of  the  creek  for  a  distance 
of  a  few  hundred  yards.  The  strata,  as  exposed  in  the  cliff,  which  b 
about  20  feet  in  height,  consists  of  a  dirty  grey-brown  calcareous 
sandstone,  which  contains  the  chief  specimens  of  the  Cephalopoda* 
both  Ammonites  and  Nautili.  Below  this,  about  15  feet  of  shales 
and  marls,  chiefly  containing  Mollusca  and  other  forms."  Since 
the  matrix  of  the  specimens  marked  "  South  Branch,  Manuan  Creek," 
agi'ces  with  !Mr.  Anderson's  description  of  the  upper  part  of  this 
deposit,  it  would  seem  that  they  were  obtained  from  this  portion, 
whilst  the  few  fossils  labelled  *'  Crossing  Middle  Tributary,  Manuan 
Creek,"  may  have  been  obtained  from  the  lower  portion  consisting  of 
shales  and  marls.  At  any  rate,  the  few  specimens  labelled  "  Crossing 
Middle  Tributary,  Manuan  Creek,"  seem  to  indicate  a  somewhat 
lower  hoiizon  than  the  fossils  labelled  '*  South  Branch,  Manuan 
Creek."  The  fossils  from  this  deposit  are  as  a  rule  fragmentary  and 
veiy  imperfectly  preserved.  The  general  facies  of  this  fauna  differs 
somewhat  from  that  of  the  False  Bay  fauna;  the  latter  is  characterized 
by  an  abundance  of  fonns  of  Acanthocerai,  the  fauna  of  the  upper 
part  of  this  deposit  by  the  prevalence  of  Nautili.  AVhether  the  fauna 
of  tho  upper  part  of  this  deposit  is  simply  another  facies  of  that 
found  at  False  Bay  is  not  quite  certain ;  it  may  be,  or  it  may  possibly 
indicate,  a  somewhat  higher  horizon,  but  th^  specimens  labelled 
**  Middle  Tributary,  Manuan  Creek,"  that  we  believe  to  be  from  the 
lower  portion  of  this  outcrop,  seem  to  show  the  existence  in  this 
deposit  either  of  the  lower  portion  of  the  beds  which  are  exposed  at 
False  Bay,  or  even  of  a  slightly  lower  horizon. 

A  review  of  the  faunas  obtained  from  the  several  exposures  of 
Cretaceous  rocks  in  Natal  and  Zululand  seems  to  confirm  Mr.  Anderson's 
statements  (Third  Report,  pp.  48-49):  (1)  that ''  all  the  fossils  obtaineil 
from  the  various  localities  where  exposures  of  these  rocks  have  proved 
fussiliferous,  in  Natal  and  Zululand,  belong  to  the  Upper  portion  of 
the  Cretaceous  System"  ;  and  (2)  that  **so  far  as  our  present  know- 
Icilge  goes,  no  representatives  of  the  Lower  Cretaceous  have  yet  been 
])rovcd  in  Natal  or  Zululand."  The  beds  near  the  mouth  of  the 
Unipcnyati  Bivcr  in  Natal  are  evidently  of  the  same  age  as  the 
Poudoland  deposits,  whilst  the  beds  which  are  found  in  the  southern 
part  of  Zululand,  at  Umkwelane  Hill  and  in  the  boring  north  of  the 
Umhlatuzi  lagoon,  are  probably  also  of  the  same  age.  Further  north, 
however,  near  the  north  end  of  False  Ba)',  rocks  of  Cenomaoian  age 
occur,  and  to  the  west  of  these,  in  the  neighbourhood  of  the  Manuan 

»  See  and,  p.  3-l(>. 
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Creek  ami  its  tribiitarie*.  beila  of  tlie  same  age,  pn^nFiing  ilown  possibly 
inW  rocks  of  Upper  Albian  ap*,  arc  probiibly  also  prosuiit.  Tho 
occurrence  here  uf  Cretaceous  bcils  ol'  au  ago  youngor  than  Ccnomaiiiau 

is  Bonicwhat  doubtful. 
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III. — Glaciatiox  and  Physiooeaphy  ix  the  North-East  op 

Anglesey.^ 

By  Edward   Greenly,    F.G.S. 

OVITII  A  SKETCH-MAP.) 

THE  general  direction  of  glaciation  in  the  north-east  of  Anglesey 
is  from  about  X.N.E.  to  S.S.W.,  with  local  variations  of  a  few 
degrees  on  either  side.  These  are  but  of  minor  importance,  the  general 
trend  being  remarkably  steady,  so  much  so  as  even  to  indicate  before- 
hand the  existence  and  approximate  position  of  unknown  occurrences 
of  eei-tain  rocks  by  thin  trains  of  boulders. 

When  surveying  the  country  about  Llanerchymcdd  and  Rhosgoch, 
I  was,  therefore,  much  pei'plexed  by  finding  large  numbers  of  fragments 
of  Carboniferous  Limestone.  For  these  could  not  have  invaded 
that  district  if  carried  from  the  known  exposures  of  that  rock  by  ice 
moving  in  the  direction  mentioned :  as  will  be  evident  from  a  glance 
at  the  annexed  sketch-map  (p.  349). 

I  even  made  enquiries  from  leading  farmers  whether  it  was  possible 
that  they  might  have  been  brought  in  imperfectly  burnt  lime  used  in 
agriculture  in  former  times;  for  none  had  then  been  found  in  the  boulder- 
clay,  but  only  upon  the  surface.  The  farmers  thought  this  was 
possible,  and  for  a  while  I  rested  in  that  view.  But  fragments  of  the 
local  Old  Red  Sandstone  then  turned  up,  and  last  summer,  in  imrticular, 
a  mass  of  it  no  less  than  10  feet  long,  lying  on  the  north-west  shore  of 
Dulas  Inlet,  which  was  even  there  a  little  too  much  to  the  north  for  the 
prt^valent  trend.  These,  at  any  rate,  were  not  brought  artificially. 
Jiesides,  the  Boulder-clav  at  the  mouth  of  Dulas  Inlet  is  decidedlv 
red.  Now,  at  Forth  Gwichiaid,  some  distance  to  the  north,  there  is  an 
excellent  section  in  Boulder-clav,  and  in  this  1  found  unmistakable 
boulders  of  Carboniferous  Limestone  with  crinoids,  beautifully  ice- 
worn,  besides  many  others  of  sandstone  and  conglomerate  of  Carboni- 
ferous type.  Here,  at  any  rate,  there  could  be  no  doubt.*  From  no 
visible  outcrop  could  these  boulders  have  been  derived,  and  it  is  evident 
they  have  come  from  out  of  the  sea. 

If,  now,  we  produce  the  base-line  of  the  Carboniferous  Limestone 
from  where  it  reaches  the  coast  to  the  little  island  in  Dulas  Bav 
where  the  tower  of  shipwreck-refuge  is,  we  shall  see  that  it  is  eur>'ing 
somewhat  to  the  north  and  west,  instead  of  running  out  on  a  north- 
east strike  as  might  have  been  expected ;  and  if  we  further  proiluce  this 
lin(%  following  the  curve  thus  indicated,  we  shall  find  that  it  sweeps 
round  the  north-east  of  Anglesey  at  no  great  distance  from  the  land. 

This,  then,  is  the  source  of  the  boulders  of  Port  Gwichiaid,  and  this 
is  the  source  of  the  much  more  numerous  bouldei^s  that  are  scattered  far 
and  wide  over  the  country  about  llhosgoch  and  Llanerchymedd.* 

^  As  the  end  "f  my  work  iu  Anjj;lesoy  Ib  now  within  sight  I  may  perhaps  sav  that 
this  ami  other  short  papers  already  jnibHshed  are  portions  of  continuous  glacial  work 
in  tlie  island.  Since  coniinjj;  there  some  twelve  year*;  n^o  I  have  put  the  drift  lines 
and  allied  iufonnation  upon  tht;  six-inch  maps*  as  well  as  the  *  solid'  geologv,  and 
from  these  a  connected  account  of  the  fflaciation  of  the  inland  can  be  given. 

^  There  sec-nis  to  be  an  older  set  of  stri;e  at  one  place  running  VT.S.W.,  but  thii 
is  under  liijrh  land,  and  is  evidently  a  local  detlection. 

''  As  larj^e  tracts  ot  that  eouiitry  are  above  the  200  feet  contour,  we  hare  here  another 
case  of  those  uplitt^  of  boulders  of  which  I  have  now  on  record  a  good  number  of 
examples  in  the  island. 
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Further,  on  examination  of  the  Forth  Gwichiaid  Boulder- clay,  as  well 
as  that  at  Dulas  Inlet,  I  found  that  the  rest  of  its  contents  consisted 
of  rocks  foreign  to  Anglesey,  with  some  of  local  Ordovician  type,  but 
that  fragments  from  the  Schistose  Complex  were  rare  or  almost  absent. 
The  Schistose  Complex  cannot  therefore  extend  to  any  distance  beneath 
the  sea  to  the  north-east ;  indeed,  the  limit  must  coincide  verj'  nearly 
with  the  present  coastline. 

Xow,  on  reference  to  the  sketch-map,  it  will  bo  seen  that  the 
submarine  curve  we  were  considering  runs  as  nearly  as  possible 
parallel  to  that  of  the  coast  itself  as  far  as  Point  Lynas.  To  the  east 
and  north-east,  therefore,  it  is  clear  that  the  existing  land  of  Anglesey 
coincides  very  nearly  with  the  limits  of  the  old  Crystalline  and 
Ordovician  Complex,  and  that  the  Irish  Sea  in  that  direction  is  floored 
by  Carboniferous  and  probably  also  by  later  rocks. 


>Llan  erchym  edd 
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Sketch-map  of  North-East  Anglesey.    The  arrows  iiulicuto  the  direction  of  glaciation. 

Scale,  two  miles  to  an  inch. 

IV. — **How  Long  Ago"  in  Geology. 
By  Edward  A.  Martin,  F.G.S. 

9 

ONE  is  frequently  asked  the  question,  how  long  ago  is  it  since 
certain  geological  phenomena  took  place  in  which  the  questioner 
is  interested  for  the  time  being.  How  long  ago  were  the  great 
coal-beds  deposited,  or  how  long  ago  is  it  since  the  chalk  was  formed 
at  the  bottom  of  the  sea  ? 
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Now,  dates  in  geological  history  cannot  be  given  with  any  degree 
of  certainty.  The  amount  of  conjecture  in  proportion  to  the  amount 
of  fact  must  be  verj-  large  indeed ;  yet  even  a  rough  estimate  is  not 
without  its  value,  since  it  may  give  an  idea  of  the  really  comparatively 
short  space  of  tune  in  geological  history  during  which  some  of  the 
best-known  formations  were  laid  down. 

Geologists  will  for  a  long  time  differ  amongst  themselves  as  to 
what  tenn  of  years  has  elapsed  since  a  solid  crust  had  formed  on  the 
surface  of  our  globe,  when  life  as  we  know  it  had  first  begun  to  be, 
and  when  denudation  and  all  that  it  means  had  commenced  to  operate, 
and  in  embossing  upon  the  surface  of  the  earth  the  scenery  as  we  now 
see  it.  Things  have  changed  since  geologists  were  asked  to  limit 
themselves  to  20  millions  of  years  as  the  period  during  which  all 
the  sedimentary  formations  were  laid  down.  Professor  Huxley's 
willingness  to  confine  himself  to  100  millions  of  years  is  not  altogether 
<ioncurrcd  in,  now  that  the  discovery  of  the  great  energy  lying 
dormant  in  the  various  radio-active  botlies  has  shown  the  possibility 
of  a  much  greater  age  being  assigned  to  the  sun  as  a  heating  luminary 
over  and  above  that  hitherto  supposed.  I  am  justified  from  many  point! 
of  view  in  assuming  that  a  solid  crust  had  formed  about  250  million 
years  ago,  that  strata  have  formed  at  an  average  rate  of  one  foot  in 
700  years,  and  that  the  older  the  rocks  the  more  the  strata  have  been 
compresseil  into  thinner  layers.  We  must  also  not  only  consider  in 
our  discussion  the  number  of  years  which  known  strata  took  to  form, 
but  the  years  which  arc  represented  by  the  great  gaps  between  the 
formations  when  no  deposition  was  taking  place  but  when  great 
changes  were  taking  place  in  the  evolution  of  life. 

Adopting  Sollas'  nieasurements  of  known  strata,  and  placing  against 
each  formation  the  number  of  years  which  it  approximately  represents, 
we  sliall  have  the  following  table  (see  p.  351 ).  For  all  strata  below  and 
including  the  Devonian  1  have  allowed  an  addition  of  50  per  cent,  for 
com])ression  subst'(|ucnt  to  deposition.  For  the  Carboniferous,  Permian, 
and  Triassic  I  have  added  25  per  cent,  for  the  same  reason,  and  from 
the  Jurassic  to  tlie  Oligoccne  10  per  cent.  For  deposits  between  the 
!Miocene  to  the  liecont  inclusive  I  have  left  the  thicknesses  as 
estimated  by  Sollas,  since  tlie  rate  of  deposition  may  in  some  portions 
have  been  less  than  the  estimated  rate  already  mentioned,  and  in  otlier 
l)arts  there  may  liave  been  compression  as  in  older  formations.  The 
relative  propoilion  of  each  formation  to  the  rest  will  be  found  in 
column  three. 

We  shall  find  from  this  table  that  approximately  the  great  Coal  age 
came  to  a  close  70,405,000  years  ago,  and  the  Chalk  age  (Cretaceous) 
.'51,680,000  years  ago.  It  will  also  be  seen  that  an  enormous  period 
had  elapsed  before  the  earliest  formation  commenced  to  bo  laid  down 
in  which  fossil  life  is  deciplierable,  viz.  Cambrian.  The  earlier  great 
American  formations,  included  in  which  is  the  older-named  Laurentian, 
show  a  space  of  time  of  80,100,000  years. 

It  is  interesting  to  note  the  years  which  have  been  necessary 
according  to  tliis  table  to  evolve  the  vaiious  forms  of  life.  The 
evolution  of  the  trilobites  of  the  Cambrian  was  accomplished  in  about 
86  millions  of  ycai*s.     The  six-feet-long  Crustaceans  and  mudfish  of 
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)ld  Ked  Sandstone  took  136,500,000  years  to  arrive  upon  the 
,  and  the  small  rei)tilcfl  of  the  coal  era  were  the  outcome  of 
00,000  years.  The  winged  reptiles  of  Jurassic  times  took 
5,000  years  more  to  be  evolved,  whilst  the  small  marsupial 
Qals  of  the  same  period  were  followed  in  another  16,940,000 
by  the  gnreat  mammals  of  Eocene  times.  And  then  came  the 
ling  of  the  evolutionary  movement  by  the  appearance  of  the 
n  species  in  Pliocene  times.  * 


System. 

Actual 

Thickxehs 

IN  Febt. 

Before 
compbeksios. 

Relative 

Pll01M»KTIOX. 

Yeaum. 

•oene  and  Aecent... 

16 

le 

ene           

> 

eou»         

.C...           ••.           ... 
c 

in 

tiferous    

ian           

n 

oian         

ian           

nawan     

^6  •••            ...            ... 

ion           

4,000 
5,000 
9,000 
12.000 
12,000 
14,000 
8,000 
13.000 
12,000 
24.000 
22,000 
15,000 
17,000 
16,000 
50,000 
14,000 
18,000 

4,000 
5,000 
9,000 
13,200 
13,200 
15,400 
8,800 
16,250 
15,000 
30,000 
33,000 
22,500 
25,500 
24,000 
75,000 
21.000 
27,000 

4 

5 

9 
13-2 
13-2 
15-4 

8-8 
16-25 
15 
30 
33 
22-5 
25-5 
24 
75 
21 
27 

2,800.000 

3,500.000 

0,300.000 

9.540,000 

9,540,000 

10.780,000 

6.160,000 

11,375.000 

10.500.000 

21,000.000 

23,100,000 

15,750,000 

17.850,000 

16,800,000 

52,500,000 

14.700,000 

18,900,000 

265,000 

357,850 

357-85 

251.095,000 

the  above  table  notice  has  been  taken  only  of  actual  strata 
Iculating  the  various  ages,  and  no  mention  has  been  made  of 
^reat  breaks   in   life-historj'  which   are   noticeable   in  studying 

remains,  and  these  bnmks  may — indeed,  in  some  cases  must — 
sent  gi*eat  periods  of  time.  Their  actual  duration  could  only 
xived  at  by  discussion  and  agreement  among  geologists,  but  it 
course  well  recognized  that  the  greatest  breaks  in  the  continuity 
e  occurred  between  the  Permian  and  the  Triassic  systems  and 
>en  the  Cretaceous  and  the  Eocene.^  The  very  fact,  however,  that 
ent  names  have  been  necessaiy  in  alluding  to  the  systems  suggests 
sible  break  between  each,  and  presuming  that  we  must  confine 
Ives  to  about  250,000,000  years,  as  already  shown,  we  must  find 
for  the  gaps  during  which  no  strata  were  deposited,  by  deducting 
of  the  years  allotted  to  each  formation.' 

he  principal  unemformiiiea  have  been  considered  and  estimated  for  })y  the  lat<? 
.  G.  Goodehild  in  his  ** Evidence  re«i:arding  the  Ago  of  tlie  Earth"  (f»t?e 
w  in  Geol.  Mao.,  1897,  pp.  415-417),  Edinburgh.  McFarlane  &  Erskiue, 
and  Proc.  Roy.  PhTs.  Soc.  Edinburgh,  vol.  xiii,  pp.  200-303. 
T.  Goodehild  liberally  allows  70,200.000  years  for  three  well-recognised  breaks 
geological  series,  and  for  the  wliole  period  of  geological  time  lie  suggests 
16,000  years. 
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I. — The  Geological  Aspects  of  South  African  Scenery.  Presidential 
Address  delivered  to  the  Geological  Society  of  South  Africa  by 
Dr.  Geo.  S.  Coustorphine,  B.Sc,  F.G.S.* 

NO  country  affords  readier  facility  for  the  observation  of  the 
geolog^ical  causei  of  scenery,  though  we  may  regret  the  fact 
that  the  facility  owes  its  existence  largely  to  the  deplorable 
destruction  of  a  former  vegetation. 

South  African  scenerj'  is  striking  in  its  very  monotony.  Over 
hundreds,  or  rather  thousands,  of  square  miles  there  is  a  sameness 
which  becomes  oppressive,  and  a  want  of  variety  of  feature  which 
exceeds  all  imagining.  There  is  nothing  stimulating  in  the  landscape 
but  its  immensity,  yet,  owing  to  the  limited  horizon,  that  immensity 
is  not  a  characteristic  immediately  appreciated.  The  fascination  of 
the  veld  is  subtle  and  elusive,  probably  because,  more  there  than 
anywhere  else,  is  the  charm  due  to  conditions  of  sunshine  and 
atmosphere,  factors  as  essential  to  the  final  effect  of  a  landscape  as 
the  configuration  of  the  earth's  surface. 

The  geological  constitution  and  structure  are  the  fundamental 
conditions  ou  which  the  scenery  of  a  country  depends,  and  the 
resulting  landscape  is  tlie  outcome  of  the  work  done  by  the  agents  of 
denudation,  which  are  themselves  mainly  due  to  the  prevailing 
climatic  conditions.  Denudation  working  on  the  original  structure, 
finding  out  the  weak  spots  and  gradually  canning  away  even  the 
hardest  rocks,  is  the  great  factor  in  the  evolution  of  a  landscape. 
Whether  that  denudation  is  of  one  type  or  another,  whether  its 
weapons  are  raiu,  running  water,  snow  and  ice,  or  whether  extremes 
of  temperature  aided  by  torrential  tropical  rains  are  the  main 
modifj'ing  influences,  depends  on  the  climatic  conditions.  Similar 
geological  conditions  in  regions  enjoying  different  climates  ore 
subjected  to  different  denuding  forces,  with  the  result  that  varied 
types  of  scenery  arc  produced. 

In  a  region  such  as  South  Africa,  where  the  same  geological 
foriiuitions  extend  from  the  Atlantic  to  the  Indian  Ocean,  and  from 
Agulhas  to  the  retreating  boundary  of  *  Darkest  Africa,'  the 
resemblances  in  the  scenery  are  produced  by  the  prevailing  geological 
unifonnity,  and  the  differences  arc  due  to  the  variations  in  the 
climate. 

It  is  to  the  action  of  long  -  continued  subaerial  denudation  that 
South  Afncan  sceneiy  owes  most  of  its  characteristic  features. 
Geological  investigation  reveals  the  fact  that  long  ages  have  elapsed 
since  the  main  stratigmphical  structures  originated,  and  that  even  the 
present  land  surface  has  an  antiquity  for  which  any  possible 
eciuivalent  in  years  would  convey  no  meaning  to  the  human  under- 
standing, for  since  the  upper  beds  of  the  Karroo  System  were 
deposited  only  a  small  portion  of  the  coastal  region  has  undergone 
submergence. 

>  Annual  General  Meeting,  '2Sth  January,  1907  (Proceedings  of  the  Geological 
Society  of  South  Africa,  1907,  pp.  xix-xxvii). 
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The  ]»i'e!*ent  surface,  here  ns  elsewhere,  is  the  hi>t  expression  of  tlie 
interaction  of  various  geological  forces,  some  of  whi«h  are  as  active 
t'i-«lay  as  they  prokibly  ever  were,  while  others  have  in  these  days  no 
^hare  in  the  sculpturing  of  this  landscape.  Changes  of  temp«?rature, 
wind  and  nun,  surface  and  underground  water,  are  probably  not  much 
I'.'ss  active  in  South  Africa  to-day  than  in  past  ages  ;  wlu'reas  extreme 
ghicial  conditions  have  playe<l  no  part  in  modifying  the  surfaot*  since 
the  beginning  of  the  Kanoo  Age,  nor  have  volcanic  agencies  betm  at 
work  since  the  eruption  of  the  rt>cks  of  the  J)rakensbergcn  ami  the 
rx.*borabo  Kange. 

The  record  of  the  South  African  strata  tells  us  that  Ix^fore  the 
]>resent  conditions  ))egan  there  were  five  j)eriods  during  whicli  a  land 
•-urface  existed.  Tlie  earliest  of  these,  and  yet  not  tin.'  Inst,  was 
formeil  by  the  com])lex  mass  of  oM  rooks,  now  larg«'ly  metamorphic  in 
charact^T,  which  we  gnnip  together  as  the  Swaziland  System.  To-day 
again  these  rocks  play  a  large  part  in  the  constitutic^n  of  the  region, 
but  whether  any  j)oi'tion  has  remainc^l  continuously  a  land  area 
cannot  be  det«.Tmined.  Certainly  the  nortlurn  gnmite  un«l  schist 
regions  were  dr}'  land  while  the  central  and  southern  areas  were 
gradually  covered  liy  the  sta  in  which  tlu*  AVitwatersrand  Heds  were 
laid  down.  The^e  beds  in  turn  were  added  to  the  land  snrl'ace,  and 
in  the  process  of  upheaval  they  underwent  considerable  folding  and 
contortion.  Having  been  again  submerged,  ])ortions  nf  tlu'  granite 
area,  and  ]irobably  the  whole  Witwatcrsrand  System,  formed  the  tloor 
for  the  heterogeneous  Veutersdorp  System,  with  its  succession  of 
Miiliments  and  volcanic  rocks,  whic^h  in  turn  formeil  the  third  land 
surface  that  plays  a  part  in  the  pn^^ent  one.  Wiien  the  next 
submergence  ensued,  the  IJlack  Re«'f,  tluj  l)olumit<%  and  tin;  Pretoria 
Series  were  deposited  in  tint  northern  areas,  wliieh  we  know  as  the 
Ti-Jinsvaal.  IkM-huanaland,  and  Northern  Cape  Colony,  tiiou^'h  whether 
land  conditions  prevailed  southward,  cir  whetluT  these  beds  wert;  also 
depositcnl  there,  but  were  snb«je(|uently  denuded,  is  again  a  matter  of 
conjecture.  At  any  rate,  the  evithncc  now  availabh'  ]»oint>  to  little 
deposition  having  occurreil  in  the  south  during  that  ])eri(»'l. 

In  the  land  surface  next  formed,  lh«^  Swaziland,  the  Witwatersrand, 
the  A'enters<b)rp,  and  the  Potchel-itroom  or  Tran>vaal  Systmis  all 
playe<l  some  i)art,  there  being  a  gradual  increase  in  comjih-xity  from 
the  north  south wanl. 

During  th(^  next  submergence  there  was  deposited  the  Cape  System, 
consisting  of  the  Table  Mountain,  the  IJokkciveld,  and  the  Witteberg 
Series,  so  predominant  throughout  Western  and  Southern  Cape 
Colony,  but  represented  in  Natal  by  the  Table  Mountain  Series  only, 
and  in  the  Transvaal  most  probably  by  tlu;  Waterberg  sandstones  and 
conglomerates. 

Wh€»n  this  period  of  de])osition  ended,  the  ])resent  terrestrial 
conditions  began  to  ])revail,  for  the  characteristic  Karroo  System  was 
not  due  to  marine  action,  but,  as  is  universally  nu.ogniseil,  was  formed 
mainly  on  the  floor  of  an  inland  lake,  while  in  the  north  land  ice 
caused  the  extensive  raorainic  deposit  of  the  Kcca  Cilacial  Con- 
glomerate. This  inland  lake  must  have  covered  the  greater  j>ortion  of 
the  region,  and  its  shores  certainly  extendc<l  considerably  south  of  the 
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Karroo,  for  we  find  its  deposits  in  the  Breede  Kiver  Valley,  south  of 
the  Langebergen.  It  seems  likely  that  the  lacustrine  conditionn 
prevailed  longest  in  the  east,  north-east,  and  north,  for  it  is  only  there 
that  the  Stormberg  Beds,  the  youngest  division  of  the  Karroo  System, 
are  found,  and  we  have  no  reason  to  believe  that  their  absence  in  thv 
south  and  west  is  due  to  denudation. 

The  disappearance  of  the  Karroo  Lake  was  probably  acconipanii^l 
by,  if  not  actually  due  to,  the  upheaval  of  the  only  true  mountaiu 
chains  which  characterise  South  African  scenery,  and  it  was  doubtless 
during  the  same  period  of  disturbance  that  the  cnormouB  volcanic 
activity  now  represented  by  the  lavas  of  the  Drakcnsbergen  had  its 
origin.  The  fossil  evidence  shows  that  this  final  upheaval  mo?t 
probably  occurred  in  Jurassic  times. 

The  submergences  which  occun-ed  later  affected  only  the  coastal 
belt  of  the  countiy,  and  are  represented  by  the  relatively  small 
patches  of  Cretaceous  rocks  occurring  in  Cape  Colony,  Natal,  and 
Zululand,  and  the  strip  of  Tertiary  beds  on  the  coast  of  the  last-nameil 
province.  Throughout  the  greater  extent  of  Secondary  and  Tertiary 
times  the  larger  part  of  South  Africa  has  been  a  land  surface,  and  it  \» 
no  wonder  that  its  landscape  sliould,  to  such  an  extent,  show  features 
due  to  denudation. 

The  present  scenery  has  originated  from  the  accretion  of  remnants 
of  successive  formations,  each  to  a  large  extent  formed  by  the 
disintegration  of  such  portions  of  its  predecessors  as  could  be  affected 
by  the  complex  agents  of  denudation,  while  the  sum-total  as  presentinl 
by  the  laud  of  to-day  is  undergoing  continuous  modification  by  the 
denuding  agents  now  at  work. 

For  the  present  puq)ose  South  Africa  may  be  regarded  as  falling? 
into  three  zones — the  Coastal  Zone,  the  Mountain  Belt,  and  the 
Interior  Plateau. 

T/ir  Mountain  Belt. — The  Mountain  Belt  is  well  developed  in  the 
west  and  south,  and,  as  it  is  the  essential  feature  in  the  structure  of 
South  Africa,  I  shall  deal  with  it  first.  It  embraces  all  the  mountains 
whieli  trend  north  aud  south  on  the  western  border  of  the  Karroo 
and  the  various  ranges  wliioh  run  east  from  Hex  River  Puss  to  the 
vicinitv  of  Al<;oa  liav.  This  extended  area  consists  of  a  scries  of  true 
mountain  chains,  showing  as  much  intricacy  of  structure  as  the  Alps 
of  Central  Europe.  The  most  conspicuous  geological  component  i'« 
the  Table  ^loTintain  Series,  but  the  two  higher  members  of  the  Capi* 
System  also  play  a  ])art.  while  on  the  internal  boundary  of  this  zone 
the  lower  beiLs  of  the  Karroo  System  are  included  in  the  mountain 
folds.  Sections  showing  true  luountain  structure  are  to  be  seen  in 
such  places  as  Mitchell's  Pass,  Hex  Iliver  Pass,  and  in  the  various 
passes  aiid  river  gorges  whieli  cut  the  mountaiu  chains  from  north  to 
south,  such  as  tlie  Montagu  and  Prince  Alfred's  Pass  over  the 
Langebergen  and  the  Gamka  Kiver  Poort  and  the  Zwartbcrg  Pass 
throTigh  the  Zwartebcrgcn.  Mountain  scenery  of  the  wildest  and 
grandest  type  is  to  be  seen  among  the  Zwartebergen,  the  Langebergen, 
and  the  intervening  ranges.  Denudation  has  played  a  large  part  in 
the  production  of  the  present  scenery,  for  the  summits  of  all  these 
ranges  consist  of  Table  Mountain  quartzites,  the  geologically  higher 
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Bokkeveld  Beds  being  confined  to  the  flanks  of  the  mountain  chains, 
or  even  to  the  ralleys,  while  the  more  quartzitic  Witteberg  Beds  may 
form  subsidiary  ridges.  On  the  south-western  coast  of  Cape  Colony, 
and  at  intervals  eastward  to  Algoa  Bay,  the  mountain  belt  virtually 
reaches  the  coast :  the  Cape  Peninsida  itself  is  an  outlying  remnant, 
having  been  cut  off  by  denudation  from  the  hills  on  the  western 
shores  of  False  Bay. 

The  South  Africa  of  to-day  has  lost  a  considerable  portion  of  the 
mountain  belt  beneath  the  waves  of  the  Indian  Ocean,  for  from  Algoa 
Bay  northward  through  Natal  we  have  no  longer  the  same  marked 
mountain  scenery.  Where  the  Table  Mountain  Beds  appear  in  Natal 
they  are  lying  for  the  most  'part  horizontidly,  and  though  they  form 
what  are  locally  termed  mountains,  these,  like  the  Cape  Peninsula, 
are  on  the  outskirts  of  the  region  of  extreme  pressure,  which  in 
eastern  South  Africa  probably  lies  beneath  the  ocean. 

Between  such  portions  of  the  mountain  belt  as  still  exist  in  Natal 
and  the  more  typical  Langebergen  and  Zwai^tebergcn  of  Cape  Colony 
the  contrast  is  very  marked.  In  Natal  the  valleys  are  not  structural 
valleys,  but  have  been  produced  by  the  cutting  out  of  great  masses  of 
the  strata.  The  mountain  tops  are  plateaux,  formed  of  horizontal 
beds,  whose  ed^es  form  the  sides  of  the  deep-cut  valleys. 

The  mountain  belt  being  composed  essentially  of  (^uartzites,  those 
portions  of  it  in  the  more  arid  districts  of  Cape  Colony  yield  a  verj* 
stern,  bare  landscape.  In  the  east  of  Cape  Colony  and  in  Natal, 
however,  the  moister  climate  renders  vegetation  abundant,  and  we 
find  the  rocks  of  the  mountain  belt  covered  by  bush,  and  even  forest. 

The  Coastal  Zone, — The  Coastal  Zone  varies  considerably  in  character, 
and,  as  has  been  already  stated,  it  is  in  places  actually  cut  out  by  the 
encroachment  of  the  mountain  belt.  On  the  west  coast  it  is  perhaps 
most  t}'pical,  consisting  there  of  the  old  slates  and  schists  of  the 
Namaqualand  Series,  with  bosses  of  intrusive  gi'anite.  It  presents 
a  low  undulating  landscape,  broken  by  hills  of  granite,  which  in  places, 
as  at  Paarl  and  Ilobertson,  are  conspicuous  features. 

Along  the  west  and  south  coasts,  bare  sand  dunes  are  abundant, 
and  some  of  the  older  of  these  have  solidified  into  coherent  masses, 
which  are  again  being  cut  into  by  the  sea.  On  the  north  shore  of 
False  Bay,  and  near  Struys  Bay,  Cape  Colony,  there  are  cliffs  20  to  25 
feet  high,  formed  of  these  old  saud  dunes. 

"Where  the  mountain  zone  has  encroached  on  the  coast,  as  on  the 
shore  of  False  Bay,  and  many  places  eastward,  the  Table  Mountain 
quartzites  form  steep  sea  cliifs. 

The  eastern  coast  of  Cape  Colony  and  of  a  considerable  portion  of 
Natal  is  formed  by  the  rocks  of  the  Karroo,  which,  however,  are 
much  covered  by  recent  coastal  deposits.  The  lagoon  landscape  is 
particularly  well  developed  alonj^  the  Natal  coast,  owing  to  the 
heavy  banking  up  of  sand  bars  at  the  river  mouths,  while  the  Zululand 
coast  is  for  the  most  part  a  low -lying  belt. 

The  variation  in  the  scenery  produced  by  differences  of  climate 
iusting  on  the  same  geological  formations  is  again  well  illustrated  in 
the  coastal  zone.  The  granitic  and  schistose  rocks  of  the  north-west, 
being  exposed  almost  to  desert  conditions,  show  a  bare  and  uninteresting 
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ecenen' — low  nndulating  hills  with  a  marked  absence  of  river  Talleys. 
From  the  district  of  George  eastward,  and  northwanl  into  Xatal,  tho 
more  generous  rainfall  renders  forest  vegetation  possible ;  the  granite 
tors  and  barren  schist  areas  of  the  west  arc  unknown,  and  numerous 
rivers  flow  seaward  in  deep-cut  valleys.  On  the  Natal  coast  the 
vegetation  is  still  more  abundant,  and  much  of  that  area  has  an  tlnnA 
tropical  character,  though  the  geological  formations  are  identical  with 
those  of  tho  barren  west  coast. 

The  Interior  Plateau. — The  third  area — the  Interior  Plateau — is 
the  most  extensive  and  also  most  varied  in  South  Africa,  showing  the 
greatest  diversity  both  of  scenery  and  of  geological  constitution. 

In  the  Cape  Colony  it  consists  of  the  Karroo,  with  its  dest-rt 
conditions,  which  disappear  as  one  passes  north-eastward  into  the 
Orange  Kiver  Colony  and  the  Southern  Transvaal,  though  the  same 
geological  horizons  prevail  throughout  these  areas.  Xorthward,  the 
High  Veld  of  the  Transvaal  consists,  in  addition  to  the  Karroo  Beds, 
of  an  extensive  area  where  the  older  rocks,  down  to  the  oldest  formation 
of  all,  have  been  laid  bare.  To  discuss  brieflv  the  scenery  of  this  vast 
interior  plateau,  it  will  be  advantageous  to  deal  first  with  the  Karroo 
proper,  and  then  the  other  areas  built  up  of  the  rocks  of  the  Karroo 
System. 

The  great  Karroo  is  one  of  the  most  characteristic  features  of  South 
Africa,  and  though  its  scenery  may  not  be  inviting,  wo  may  remembiT 
that  it  was  the  Karroo  fossils  sent  home  by  Andrew  Geddes  Bain 
which  first  excited  keen  geological  interest  in  South  Africa,  an 
interest  which  was  stimulated  on  other  sides  bv  the  controversy  over 
the  marvellous  basal  glacial  conglomerate,  while  it  was  with  the 
disco  very  of  the?  KaiToo  diamonds  that  South  Africa's  importance  to 
the  modern  world  bepan. 

The  Kiirroo  is  built  up  of  sandstones  and  shales  which,  except  in 
the  extreme  south  and  west,  where  the  lowest  members  of  the  series 
have  been  involved  in  thofoldinirof  the  mountain  belt,  lie  horizontallv. 
JJasic  igucous  intrusions,  belonging  to  a  late  period  in  the  geologittd 
histoiT  of  tlie  region,  are  everywhere  abundant  throughout  the  Karroo 
rocks.  The  Karroo  scenery  is  a  true  denudation  landscape.  ITie  hi41s 
which  abound  are  remnants  carved  out  from  a  surface  once  murh 
higher.  The  fiat -topped  hills  are  in  the  earlier  stages,  tho  pointinl 
ones  in  the  later  stages,  of  disintegration.  The  interbt^dding  of 
harder  sandstones  with  soft  shales  gives  the  alternate  cliffs  and  slopes 
on  tlie  hillsid(js,  while  sheets  of  dolerito  make  the  more  markinl 
escaq)ments,  or  krantzes. 

Along  the  south  of  the  Kanoo,  and  well  seen  between  Touws 
Kiver  and  !Matjesfoutein,  the  shib-like  weathering  of  the  Glacial 
Conirlomerate  gives  the  hillsides  a  peculiar  appearance. 

The  change  of  scenery  which  occurs  from  about  the  centre  of  tho 
Orange  Kiver  Colony  northward  into  the  central  Transvaal  coincides 
with  tho  predoininauee  of  softer,  moi*e  felspathic,  sandstones,  and  tlie 
practically  unbroken  asj^ect  of  this  portion  of  the  High  Veld  is  due  to 
the  more  regular  and  homogeneous  weathering  which  there  occurs. 
There  is  not  tlie  same  alternation  of  hard  and  soft  rocks  as  in  the 
Karroo  proper,  and  the  less  arid  climate  enables  the  veld  graas  to 
protect  the  soil. 
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The  whole  of  the  central  plateau,  where  the  Karroo  sandstones  and 
shiiles  form  the  surface,  shows  numerous  ridg^es,  scarcely  to  be  called 
hills,  which  mark  the  site  of  basic  igneous  intrusions,  which  can  often 
be  traced  for  miles  across  the  country.  The  west  and  south-west  of 
tho  Oranf^e  River  Colony  often  presents  what  may,  on  a  small  scale, 
be  termed  quite  a  rugged  landscape,  owing  to  the  abundant  presence 
of  dykes  ami  small  irregular  bosses  of  dolerite  and  allied  rocks,  which, 
even  when  forming  no  great  elevation  above  the  general  level,  stand 
out  conspicuously  from  the  grassy  veld  by  reason  of  their  dark  colour 
and  their  growth  of  sparse  bush. 

The  central  Transvaal  has  been  largely  stripped  of  its  covering  of 
Karroo  rocks,  and  the  old  rocks  appear  as  mountain  ridges,  which  are 
in  every  case  a  reappearance  of  a  part  of  one  of  the  older  land 
surfaces.  In  this  portion  of  the  country,  whether  the  rocks  belong  to 
the  Witwtttersrand  System  or  the  Potchefstroom  System,  the  resulting 
scenery  is  practically  identical — low,  but  abrupt,  escarpments  of 
quartzites,  with  dip  slopes  inclining  north  or  soutli,  and  forming  one 
side  of  a  vallev  which  has  boen  carved  out  of  the  softer  slates  or 
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shales.  Tho  Gatsrand,  the  Witwatersrand,  the  Witwatersberg,  and 
the  Magaliesberg  are  (dl  instances  of  this  type  of  scenery — east  and 
west  ridges  with  their  escarpments  facing  north  or  south  according  as 
tho  beds  dip  south  or  north  respi^ctively.  Each  intervening  valley 
has  on  one  side  a  gentle  declivity  and  on  the  other  a  steep  pre- 
cipitous wall. 

In  contrast  to  the  long  lines  of  sediraentiiry  (»sciirpmonts,  which 
make  many  of  the  hills  in  the  southern  Transvaal,  are  tho  irregular 
masses  of  Veutersdorp  amygdaloid,  forming  th(^  Kliprivers])crg  and 
the  hills  south-east  of  Heidelberg,  while  north  of  the  Witwatcrsraiid 
there  is  the  undulating  landscape  due  to  the  presence  at  the  surface  of 
a  large  extent  of  the  old  granite. 

Ueyond  the  Magaliesberg,  where  the  great  Busliveld  massif  of 
igneous  rocks  appears  at  the  surface,  the  landscape  opens  out  again 
into  the  broadly  undulating  type.  The  more  basic  of  the  rocks  often 
form  hills,  such  as  the  Pyramids  or  Zwartkopjcs  north  of  Pretoria, 
but  the  granitic  rocks  give  a  scener}'  differing  in  no  wise  from  that  of 
the  old  granite,  or,  in  fact,  of  any  non-mountainous  granite  area. 
These  rocks  form  a  large  part  of  the  Busliveld  proper,  which  in  many 
places,  with  its  grassy  surface  and  irregularly  dotted  trees,  has  a  close 
ri'semblance  to  tlie  scenery  of  an  English  park. 

Where  the  Waterberg  formation  ajjpears  resting  unconforniably  on 
the  Busliveld  igneous  rocks,  or  on  the  old  granite  of  the  north,  tliere 
is  a  return  to  the  escarpment  and  dip  valley  type  of  landscape,  which 
is  well  seen  in  the  hills  north  of  the  Premier  ^Mini',  the  Watr»rl)erg 
itself,  and  the  Zoutpansberg  still  further  north.  In  all  these  hills  the 
reddish-brown  colour  of  most  of  the  Waterberg  conglomerates  and 
quailzites  is  always  a  consj)icuous  feature. 

By  far  the  larger  portion  of  the  northern  Transvaal  is  a  granite 
landscape,  presenting  over  thousands  of  square  miles  a  gently 
undulating  surface,  with  occasional  bare  tors  rising  like  inverted 
bowls  above  the  surrounding  country.  It  is,  except  in  rare  seasons, 
a  dry  country  covered  by  straggling  thorn  trees,  above  which  rise  the 
grotesque  limbs  of  the  fantastic  baobab. 
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The  same  type  of  country  extends  northward  into  Khodesia,  and 
westward  into  Bechuanaland.  In  the  former  territory  schist  and 
slate  ridges  often  form  conspicuous  escarpment  hills,  as  along  the 
Mazoe  Valley,  but  it  is  the  exception  to  find  the  granite  rising  into 
elevations  which  might  rightly  be  styled  hills.  In  the  Transvaal, 
however,  east  of  Louis  Trichardt  in  the  Letaba  Basin,  there  are  some 
conspicuous  granite  peaks,  while  the  Matopos  and  the  hills  of  the 
Lomagundi  district,  in  Ilhodesia,  are  other  instances.  All  these, 
however,  differ  from  such  mountains  as  the  Central  Alps,  in  being  due 
to  the  denudation  of  the  surrounding  country,  and  they  can  in  no 
sense  be  regarded  as  true  mountains  of  elevation. 

The  whole  of  the  central  plateau  is  a  poorly  watered  country.  The 
Karroo,  in  Cape  Colony,  has  not  a  single  perennial  stream,  and  the 
rivers  of  the  Orange  Kiver  Colony  are  little  better.  Even  the  Taal 
and  Orange  Rivers  are,  for  the  greater  part  of  each  year,  only  a  series 
of  standing  pools  over  a  large  part  of  their  upper,  and  often  over  their 
lower,  courses.  The  best-watered  regions  are  where  the  dolomitic 
limestone  of  the  Potchcfstroom  System  prevails,  either  in  the  southem 
or  in  the  eastern  Transvaal. 

Few  of  the  other  rivers  present  much  of  the  nature  of  river  scenery 
as  known  in  European  countries.  Those  of  the  Karroo  have  broad 
shallow  courses,  covered  with  the  boulders  brought  down  in  the  rare 
times  of  flood.  In  the  Orange  River  Colony  many  of  the  rivers  have 
cut  deep  channels  through  the  soil  and  soft  surface  deposits,  but  rocky 
gorges  arc  not  common,  though  good  instances  may  be  seen  on  the 
Caledon  River  on  the  Basutoland  border. 

The  edge  of  the  central  plateau  in  eastern  South  Africa  makes 
a  marked  physical  feature,  especially  where  it  forms  the  great 
escarpment  of  the  Drakensberg.  But  cverj'where  there  is  a  more  or 
loss  sudden  drop  from  the  High  Veld  down  to  the  low  country  of  the 
eastern  coastal  belt,  whether  over  the  basal  granite,  as  in  the  Letaba 
Valley  and  at  Waterval  Boveu,  on  the  Delagoa  Railway,  or  over 
the  uppermost  beds  of  the  Karroo  System,  as  in  Katal  and  the 
Transkei. 

The  passage  of  the  rivers  from  the  central  plateau  to  the  coast  zone 
presents  considerable  variation.  In  Cape  Colony  they  have  cut  deep 
gorges  through  the  Zwartebergen,  Langebergen,  and  intervening 
ranges,  but  in  Xatal  and  the  eastern  Transvaal  lofty  waterfalls  over 
the  edge  of  the  plateaii  are  the  common  feature. 

South  Africa  is  absolutelv  devoid  of  lakes — such  bodies  of  water  as 
are  often  designated  lakes  being  lagoons  along  the  coastal  belt*  as  in 
the  George  and  Knysna  districts,  Cape  Colony,  and  in  the  case  of  Lake 
St.  Lueia,  Zululand ;  or,  like  Lake  Chrissie,  in  the  eastern  Transvaal, 
they  arc  shallow  depressions  filled  by  rain-water  in  the  wet  years — in 
fact,  simply  enlarged  pans. 

^fany  interesting  observations  are  readily  possible  as  to  the 
modifications  now  taking  place  of  the  scenery  whose  geological  basi* 
I  have  thus  brieflv  sketched.  Over  a  large  tract  of  country  rock- 
masses  break  up  by  alternate  expansion  and  contraction  due  to  the 
wide  daily  variation  of  temperature  from  noon  to  midnight  throughout 
a  large  part  of  the  year,  and  whether  we  look  at  the  crumbling  shales 
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of  the  Karroo  kopjes  or  the  massive  granites  of  the  Matopos,  the  same 
destruction  is  visible. 

Even  more  obvious  is  the  result  of  the  torrential  rains  over  the 
central  plateau  :  we  see  channels  cut  or  deepened  before  our  eyes,  and 
the  soil  of  the  country  is  can*ied  seaward  in  vast  quantities  during 
every  rainy  season.  The  general  surface,  especially  when  the  rain 
has  been  aided  by  wind,  shows  sometimes  coverings  of  sand,  some- 
times fine  gravel,  decomposed  from  the  surrounding  rocks,  and  there 
are  many  places  where  this  material  has  been  accumulated  to  such  an 
extent  that  it  is  often  assumed  to  be  due  to  an  ancient  river. 

The  intensity  of  these  processes  to-day  is  largely  due  to  the 
scantiness  of  the  vegetation,  which  is  not  always  natural,  but  has  been 
caused  by  the  ruinous  custom,  almost  universally  observed,  of  burning 
off  the  grass  at  the  end  of  each  Summer  season.  Instead  of  such 
senseless  destruction  of  Nature's  own  protective  covering,  we  might 
hope  that  it  would  now  be  realised  that  wo  need  to  add  to,  and  not 
diminish,  the  vegetation  of  this  part  of  the  earth's  surface.  As 
geologists,  we  should  willingly  sacrifice  our  interest  in  obser>'ing  the 
rapid  action  of  denudation,  when  the  first  of  each  season's  rains  beat 
down  on,  and  wash  away,  the  soil  laid  bare  through  the  destruction  of 
grass  or  bush,  for  the  knowledge  that  the  land  was  not  being  wantonly 
impoverished  year  by  year.  We  should  even  be  glad  to  see  many  of 
these  surface  features,  which  are  now  so  easily  referable  to  their 
underlying  geological  features,  hidden  from  us  by  a  kindly  growth  of 
vegetation,  and  we  should  welcome  a  wise  system  of  afforestation 
throughout  the  entire  land. 

In  conclusion,  gentlemen,  I  think  you  will  agree  with  me  that  the 
natural  and  the  political  South  Africa  present  some  striking  contrasts: 
geologically  this  part  of  the  world  has  reached  a  maturity  wliich  no 
human  system  can  hope  to  attain,  politically  the  entire  country  is  in 
an  embryonic  stage  ;  geologically  the  region  is  the  one  throuRliDut,  but 
fwlitically  we  have  dismembered  it.  It  a])i)uars  almost  as  if  Nature's 
plan  had  been  too  vast ;  her  scheme  too  grand  for  poor  humanity. 
Certainly,  if  the  character  of  the  people  who  have  their  home  in  South 
Africa  develops  in  accord  with  the  natural  environment,  pettiness  of 
riew  or  paltriness  of  aim  will  not  be  national  traits — a  country  whose 
foundations  are  so  wide  cannot  be  the  home  of  other  than  a  broad- 
minded,  larjre-hearted  race,  bound  to  play  no  meau  part  in  the  history 
jf  the  world. 


II. — Gexeral  IIeport  of  the  Geological  Survey  of  India  fou  the 
TEAR  1906.  By  T.  II.  Holland,  F.U.S.,  Director.  (Rtj)rint  from 
Reconls,  Geol.  Surv.  India,  vol.  xxxv,  part  1,  April,  1907.) 

IX  the  Introduction  to  his  Report  Mr.  llolland  states  that  **Tho 
great  development  of  interest  in  Indian  mineral  deposits,  as  shown 
)y  the  remarkable  increase  in  the  applications  for  concessions  reported 
)y  the  Local  Governments,  has  had  an  effect  also  on  the  office  work  of 
his  Department,  and  the  duty  of  answering  enquiries,  instead  of  being 
I  mere  addition  to  the  work  of  the  officers  at  head-quarters,  as  was 
ormerly  the  case,  now  consumes  the  largest  fraction  of  our  time." 
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It  is  satisfactoiy  to  leani  that  the  Bt.  Hon.  the  Secretary  of  State 
has  sauetioned  an  increase  in  the  gi'aded  list  of  gazetted  officers,  and 
the  creation  of  a  special  j)ost  of  chemist.  The  temporary  post^  for 
Mining  Specialists  have  been  abolished,  in  order  to  permit  the 
appointments  of  permanent  officers  with  a  knowledge  of  mining. 
In  order  to  assist  in  the  development  of  the  mineral  resources  of 
India,  Mr.  Holland  visited  during  the  year  certain  metallurgical  and 
chemical  works  in  England  and  Ireland. 

Attention  is  drawn  to  the  occurrence  in  India  of  highly  aluminous 
lateiites  or  bauxites  that  may  prove  to  be  valuable  as  a  source  of 
aluminium.  Various  otiier  ore  deposits  and  economic  products  are 
referred  to. 

Investigations  have  been  commenced  with  the  view  of  supplying  data 
on  the  problem  of  denudation,  by  determining  the  amounts  of  silt  and 
dissolved  salts  carried  into  the  sea  by  the  larger  rivers  of  India,  and 
observations  with  this  object  were  made  on  the  Indus  river. 

Mr.  E.  Vi-edenburg,  who  was  last  year  appointed  PaloDontologiRt  to 
the  Indian  Geological  Survey,  has  devoteil  attention  to  the  fossils  of 
the  Lower  Tertiary  formations;  Mr.  F.  R.  Cowper  Keeil  has  com- 
pleted an  examination  of  the  Devonian  fossils  colh^eted  in  the 
Northern  Shan  States;  and  I'rofessor  Carl  Dieuer  has  dealt  with 
the  collections  of  Muschelkalk  fossils. 

In  Petrology  assistance  has  been  given  by  a  former  member  of  the 
staff,  Dr.  T.  L.  Wjdker,  now  Professor  of  Mineralogy  and  Petrology 
in  the  Toronto  University. 

Field-work  was  carried  on  in  the  Andaman  and  Xicobar  Islands,  in 
Baluchistan,  Bnrnia,  Centrjd  India,  and  Kashmir,  and  the  results  of 
many  interesting  and  important  observations  are  summarized. 


I^  E  "V  I  E  "WS  - 


I. TUK    SCKNTIKY    AND    GkOLOGY    OF    DkVONSHIRK. 

The  Histoky  of  Dkvoxsuike  Sckxeky:  An  Es.-sav  in  GKoGitArifHAi. 
Evolution.  \\\  Aurnuu  AV.  Clatden,  M.A.,  Principal  of  tlie 
Koyul  Albert  Memorial  College.  Exeter.  8vo  ;  jip.  viii,  2o-j, 
with  -13  illustrations.  (Exeter,  J.  G.  Conimin ;  and  London, 
Cliatto  &  Windus,  19()().     Priec,  10*.  (Sd,  nett. ; 

The  (teology  of  DEvoNsniuE.  By  W.  A.  E.  U^sher,  F.G.S. 
Victoria  History  of  tlie  Counties  of  England.  Devonshire,  vol.  i, 
pp.  4S.     (London:   Ar(liil)ald  Constable  &  Co.,  1906.) 

The   IFit.i.s  and  Valleys  of  Tukquay:    A  studv  in  Valley-Develop- 

MLNr    AND    AN    ExTLVNATlON    OF    LoCAL    ScENEKY.       By    A.   J.    JcKI>5- 

BuowxK,  B.A.,  F.(t.S.  Hvo;  pp.  viii,  104,  with  7  plates  (])ictorial 
views,  and  LJ  nia])s  and  diagrams.  (Torquay:  publishetl  by  the 
Author,  Floriston,  Toninay,  1*J07.     Price  '6ft.  Gd.) 

rilO  those  who  have  been  accustomed  to  wield  the  hammer,  there  can 
X  be  little  doubt  of  the  jiopularity  and  attraction  of  that  branch  of 
geology  which  deals  with  the  sculpture  of  the  earth's  surface.     The 
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enjoyment  of  scenery  must  ever  be  enhanced  by  a  knowledge  of  the 
leading  facts  in  the  pliysiral  geography  of  former  geological  periodic, 
and  of  the  earth-movements  and  erosions  tliat  Jiave  combined  to  bring 
about  the  present  contours  of  the  land.  The  difficulty  is  to  make  the 
subject  attractive  and  intelligible  to  those  who  hav(?  given  no  attention 
vhati'ver  to  geologj*. 

The  history  of  l)evoushiro  scenery  is  probably  as  eomph^x  as  that 
of  any  other  regicm  of  similar  extent,  and  Principal  ('layden,  in 
putting  before  his  readers  the  results  of  long  study  on  the  subject, 
has  taken  the  opportunity  of  dealing  somewhat  generally  with  th(j 
physical  geography  of  England  in  ])ast  times.  He  goes  ])ack.  in  fact. 
to  the  very  beginning  ere  he  conies  to  treat  of  **  tho  date  when 
the  histoiy  of  Devon  begins  to  be  readable  from  its  own  records/' 
This  commences  in  the  Devonian  period,  inasmuch  as  **The  identi- 
fication of  the  Morte  slates  as  .Silurian  appears  to  rest  on  insufficient 
data.'*  From  Devonian  wo  are  taken  on  to  Carboniferous  times,  and 
then  to  **the  Great  Tpheaval,'*  when  the  main  features  of  disturbance 
in  the  palaeozoic  rocks  were  j)roduced.  A  consideration  of  the  ]);irt- 
moor  granite  and  Exeter  hivas  gives  occasion  for  a  chapter  on  igneous 
rocks;  and  the  description  of  the  New  Ktd  sediments  for  a  discussion 
of  scree  materials,  alluvial  fans,  and  desiTt  conditions.  The  author 
takes  us  as  far  as  the  Church  cliffs  at  Lyme  Regis  wlien  he  treats  of 
the  Lias;  and  in  dealing  with  later  formations  up  to  the  Chalk  and  its 
palseontological  zones,  he  makes  excursions  to  Vurbeck  and  the  Isle  of 
AVight.  The  fonnation  of  **the  Tost-Cretaceous  peneplain  "  is  held  to 
be  different  from  that,  described  as  •'the  Jurassic  peneplain/'  beneath 
the  Cretjjceous  rocks.  In  the  words  of  the  author,  '^  The  lir^t  w:is 
made  bv  the  advance  of  the  sea  niodifvinjr  a  land  surface,  the  s(?rond 
by  the  retreat  of  the  sea  and  the  advance  of  land  conditions  over  a  sea 
buttom."  Here  we  have  still  to  deal  with  many  difficult  (juestioiis, 
couoerning  the  age  and  origin  of  the  earliest  Tertiary  strata  in  the 
district,  and  the  earth-moveuicnts  to  which  thcv  were  afterwards 
subjected.  Comparing  the  HaMon  gravels  with  those  of  tin*  liovc  y 
Basin,  the  author  comuu'ntson  the  absence  of  Cretaceous  strata  l>eneatli 
the  beds  at  Bovey  ;  while  he  argues  thnt  the  Eocene  ]>e<ls  of  ll:ddi»n, 
which  now  rest  on  Upper  (ireensind.  may  have  been  accumulated  on 
200  feet  of  Chalk  that  has  since  been  removed  bv  solution.  He 
suggests,  indeiMl,  that  these  Ilaldon  beds  may  be  (dd(-r  than  the  clays 
and  lignites  of  liovev,  and  coevjd  witli  London  Clav  or  earlier  K'x-cne. 
It  is  evident  that  we  have  still  much  to  learn  of  the  actual  distribution 
of  Eocene  d<*posits  on  the  Blackdown  plateau,  as  at  ])re<ent  they  have 
not  been  clearlj'  distinguished  from  ])un'ly  local  accumulation'^  due  to 
dissolution  of  the  Chalk  (clay-witli-tlints)  and  disinte-iration  of  Ui)pcr 
Grecnsand.  Hence  we  feel  inrliue<l  to  await  the  results  of  further 
research  before  accepting  tiie  suggestion  that  '' Tlu^  Otter  may  thus 
be  regarded  as  a  former  tributary  of  tlu^  Tone  or  of  a  magnitied  Parret 
flowing  towards  the  [north-]east,  while  the  Axe  may  have  llowed  direct 
into  the  head  waters  of  the  Dorset  Frome.'' 

The  last  ten  jiages  of  this  volume  are  devoted  to  Modern  Scenery, 
including  uncovered  IVrmian  scenery,  types  of  river  erosion,  and 
reathering  of  granite. 
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The  author  has  given  us  a  good  outline  of  Devonshire  geology, 
with  sufficient  infoiination  concerning  the  life-history  of  the  successive 
periods  to  indicate  the  character  of  the  physical  conditions.  He  has, 
moreover,  dealt  with  the  successive  epochs  of  erosion,  deposition,  and 
overlap,  of  depression  and  upheaval,  which  have  resulted  in  the  present 
form  of  the  ground.  If  the  plates  giving  restorations  of  ancient 
geography  are  *  ideal/  those  picturing  modem  scenery  and  rock- 
structures  are  in  neiU'ly  all  cases  excellent ;  and  we  can  commend  the 
book  as  one  calculated  to  stir  up  interest  and  stimulate  enquiry. 

Mr.  Usshcr*s  account  of  the  Geology  of  Devonshire  is  a  lucid 
exposition  of  the  general  structure  and  palaeontology  of  the  county,  to 
our  knowledge  of  which  he  himself  has  so  largely  contributed.  His 
work  is  accompanied  by  two  admirable  colour-printed  maps,  on  which 
he  has  depicted  the  subdivisions  he  has  personally  made  in  the 
Carboniferous  (three)  and  in  the  Devonian  (eight).  In  dealing  with 
the  scenery  he  remarks :  **  There  is  no  proof  of  the  nature  of  the 
denudation  of  the  palaeozoic  surface  subsequent  to  the  deposition  of 

the  Lower  New  Red  beds,  until  the  Cretaceous  period In 

this  [transgression]  and  the  subsequent  deposition  of  the  Eocene 
clays  and  gravels  the  older  rock  area  was  no  doubt  invaded,  and  the 
irregidarities  of  its  earlier  contour  planed  and  modified."  The  Bovey 
Basin,  in  his  opinion,  does  **  not  appear  to  be  due  to  local  subsidences 
on  fault  lines,  although  the  high  dips  of  the  sands  on  the  south  of  the 
Bovcy  valley  suggest  such  an  explanation."  He  mentions  that  rehcs 
of  deposits  similar  to  Bovey  Beds  were  noted  by  Mr.  R.  !N.  Worth  on 
Plymouth  Hoe,  about  100  feet  above  O.D. ;  but  he  remarks  that 
**  The  planed  surfaces  of  the  Devonian  limestone  hills  of  the  Torquay, 
Brixhara,  and  Plymouth  area  probably  date  from  Permian  times,  as 
outliers  of  Lower  Xew  Red  on  the  surface  and  in  fissures  are  found 
near  Waddeton  and  Brixham,  etc." 

Mr.  Jukes-Browuo's  little  book  is  one  that  deals  with  a  limited 
tract  of  Devonshire,  on  which  he  has  lived  and  laboured  for  some 
years.  The  object  is  to  explain  "  the  origin  and  gradual  development 
of  the  physical  features  which  contribute  so  largely  to  the  popularity 
and  attractiveness  of  Torquay."  He  has  reproduced  a  portion  of  the 
Ordnance  ^Survey  map  of  1809,  with  its  graphic  hill-shading,  and  he 
gives  an  interesting  account  of  the  original  physical  featui*es  of  the 
neighbourhood  of  Torquay  before  it  was  much  artificially  moilified. 
This  description  is  further  illustrated  by  the  reproduction  of  a  view 
from  Castle  Hill,  sketched  in  1824. 

The  author  brictly  points  out  the  aims  of  geological  investigation, 
and  the  agents  to  which  the  main  forms  of  scenery  are  due,  remarking 
''that  a  very  little  knowledge  of  geology  will  go  a  long  way  in 
explaining  the  origin  of  hills  and  valleys  all  over  the  world,  as  well  as 
around  Torquay  in  particular."  This  in  view  of  what  has  been  said 
before  must  be  taken  cum  grano. 

He  gives  an  account  of  the  many  rock -types  in  the  Devonian 
series ;  describes  the  IVruiian  clay,  conglomerate,  and  breccia  in  the 
district,  and  points  oTit  the  disturbances  and  erosion  that  took  place  in 
the  long  interval  between  l*ermian  and  Eocene.  To  explain  the 
devehqKuent  of  scenery  he  has  naturally  to  go  beyond  his  immediate 
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icighbourhood,  inasmuch  as  "It  is  absolutely  necessary  to  realize 
hat  when  the  existing  valley-system  was  initiated  no  Devonian  rocks 
?ere  exposed  in  the  Torquay  district,  but  that  these  rocks  were 
>artly  covered  and  concealed  by  the  Permian  conglomerate,  and 
jompletely  buried  beneath  the  Eocene  deposits  to  a  depth  of  several 
lunilred  feet.  Consequently  the  surface  on  which  the  modem  lines 
>f  drainage  were  first  marked  out  was  a  surface  of  £ocene  clay  or 
and,  having  a  gentle  slope  from  north  to  south." 

He  speaks  of  great  lateral  pressures  as  taking  place  during  the 
ifiocene  period,  whereby  the  Eocene  beds  between  Bovey  and  Newton 
Ibbot  were  bent  into  a  deep  trough :  a  remark  which  may  bo 
compared  with  that  of  Mr.  XJssher  previously  recorded. 

Dealing  with  the  process  of  valley-making,  Mr.  Jukes-Browne 
)oints  out  **how  the  water-ways,  which  were  established  on  one 
lorface,  have  been  gradually  transferred  to  a  lower  and  very  different 
lurface."  Much  of  this  erosion  took  place  during  Oligocene,  Miocene^ 
md  Pliocene  periods,  when  the  laud  -  surface  was,  in  his  opinion, 
)erhaps  1,000  or  1,100  feet  above  sea-level,  and  the  present  land  was- 
ibout  400  feet  higher  than  it  is  now.  Erosion  may  **  have  been 
"etarded  for  a  time  in  the  Pliocene  period  by  the  subsidence  whicli 
die  wed  of  the  formation  of  the  St.  Erth  Beds  in  Cornwall.  It  must, 
lowever,  have  been  renewed  by  the  subsequent  elevation  of  the  land, 
ind  was  only  brought  to  a  close  by  the  subsidence  which  ushered  in 
he  epoch  in  which  wo  now  live." 

The  author  deals  in  some  detail  with  the  development  of  the  local 
lills  and  valleys,  and  explains  how  the  denudation  has  revealed  and 
Ussected  the  old  plains,  the  effects  of  Eocene,  if  not  of  tluj  great 
Cetaceous  erosion.  His  conclusions  thus  differ  considerably  from 
hose  of  Mr.  Alexander  Soraorvail,  who,  in  an  essay  read  before  the 
Devonshire  Association  in  1886,  referred  the  sculpture  of  the  main 
'alleys  in  and  around  Tonjuay  to  the  era  **  between  the  close  of  the 
yretaceous  period  and  the  dawu  of  the  Tertiary." 

1. FESTSCnRIFT  HaKUY  HosENBUSCU  GKW1D.MKT  VON  SEINEX  8cnUELERN 

ZUM  siEBZiGSTEN  Geduktstag,  21  JuNi,  190(5.  Witli  a  portrait, 
a  geological  map,  1 1  plates,  and  3.3  fij^ures  in  the  text.  10''  X  7i" ; 
pp.  viii  +  412,     Stuttgart:  Sohweizerbart,  1906.    M.  20  (unbound). 

I^HIS  volume,  prepared  by  some  of  his  students  in  commemoration 
of  his  70th  birthday,  is  dedicated  to  one  of  the  most  distinguished 
letrologists  of  the  day.  It  eontains  17  papers,  all  in  German  except 
hose  marked  in  the  following  notice  by  an  asterisk,  which  are  in 
English. 

The  first  paper  is  by  Prof.  U.  Grubcnmann,  of  Ziirich,  "On  some 
Iwiss  Glaucophane  Rocks.*'  Ho  describes  four  glaucoplume  rocks  of 
he  Val  de  Bagne,  Valais,  and  concludes  that  they  are  re-crystallized 
raptive  rocks  of  theralitic  nature  or  their  tuifs  which  were  mixed 
rith  either  calcareous  or  siliceous  and  aluminous  material.  Two 
rratic  blocks  from  the  canton  of  Bern  have  a  similar  character. 

Prof.  W.  H.  Ho])bs  (Michigan  University),  *'  On  tNvo  now  occurrences 
f  the  *  Cortlandt  Series'  of  Kocks  within  the  State  of  Connecticut."  * 
•he  localities  arc  Prospect  Hill,  near  Litchfield,  and  Danbury  to  New 


364         Recieics — Professor  Bosenbusch's  70 fh  BiHhda^j. 

Fairfield.  Prof.  Hobbs  concludes  "that  the  generally  rare  gabbro. 
norite,  peridotite.  and  pyroxenite  types  wliieh  most  nearly  correspond 
to  the  original  *  Cortlandt  Series  *  bi'long  to  a  single  magma  which 
has  here  ]>een  intrudcil  along  the  mutual  borders  of  areas  of  granite, 
grano-diorite,  and  diorite,  which  may  themselves  have  mingled  to 
some  extent ;  and  that  it  has  itself  been  later  intrudeil  by  a  fine- 
grained diorite.  The  extreme  magmatic  differentiation "  of  this 
gabbroitic  magma  lias  been  locally  increased  through  the  fusion  with 
it  of  granite  and  grano-diorite." 

Prof.  E.  A.  AViilfing  (of  Kiel),  **  A  Note  on  the  Pigments  of 
Minerals,"  describes  experiments  on  the  subject  of  the  pigments  in 
coloured  minerals,  leading  to  the  important  conclusion  that  pigments 
-exercise  no  ap])reciable  influence  on  the  refraction  of  tlie  minerals  in 
which  they  occur. 

Dr.  C.  Hlawatsoh  (of  Vienna),  **  On  the  Amphibole  of  Cevadaes 
(Portugal),"  describes  an  amphibole  in  the  so-called  arfvedsonite-gneiss 
of  Cevadaes  near  Canii)0  Mayor.  It  is  intermediate  in  character  to 
riebeckite  and  ai-fvedsonite,  and  Hlawatsch  proposes  to  call  it  Osannite 
after  Prof.  A.  Osann  of  Freiburg-i.-B. 

Dr.  E.  O.  llovey  (of  Xew  York),  **  The  Geology  of  the  Guaynopita 
District,  Chihuahua  :  A  contribution  to  the  knowledge  of  the 
etructure  of  the  Western  Sierra  Madre  of  Mexico."  *  The  oldest  rock 
described  is  a  semi-crysttdline,  much  metamorphosed  Cretaceous  lime- 
stone, completely  overturned  and  flexed  in  Guaynopita  mountain. 
This  folding  wa-^  followed  by  the  eruption  of  andesitic  breccijis,  ash 
and  flows,  wliieh  are  probably  somewhat  wm  ont'urmable  to  the  lime- 
stone ;  granite  wa>  then  intruded,  resulting  in  the  comjdetion  of  the 
i'levation  and  metamorjdiisin  of  the  limestone  ;  daeite,  rhyolites,  and 
])aN'ilt  were  after  wards  extruded. 

V\\)i.  ().  Miigge  (of  Koniirsl»erg\  "The  Ifate  of  Decomposition  of 
Quartz  in  the  presence  oi  Hydrofluoric  Acid  :  A  contribution  to  the 
'J'heury  of  Etched  Figures." 

Prof.  L.  Milch  of  lireshiu;,  '•  On  Differentiation  in  Granitic  Majrmas 
from  Obsi'rvations  on  the  (n'iinite  of  the  Uiesengebirge." 

Prof.  M.  Koch  ^»f  Jierlin),  "  Xote  on  the  Olivine-diabases  of  the 
Upper  llarz.'' 

Dr.  li.  A.  Dalv  'of  Ottawa\  "The  Differentiation  of  a  Secondarv 
Mai^nia  through  Gravitative  Adjustment.*'*  The  papirr  descries  the 
^loyie  sill  of  honiblende-gal)bro  intrusive  in  quartzite  in  the  Punell 
Mountains,  on  the  boundary  l)etween  British  Columbia  and  the  Unitcsl 
t^tates.  At  the  U])j)er  junction  of  the  sill  with  the  quartzite  an 
ahnoruial  biotite  -  granite  is  developed,  which  Daly  attributes  to 
digestion  of  (juartzite  in  tlie  hornblende-gabbro,  at  both  the  up|X'r  and 
h)\ver  contacts  of  the  sill.  Hi»  supposes  the  material  digested  at  the 
lower  eontaet  to  have  m«)stly  ri>eu  by  gravitation  through  the  whole 
thiekness  ^S40  nietn  s   of  the  sill  and  accumulated  at  the  upper  contact. 

Dr.  H.  Jieeker  (of  Heidelberg}.  **  The  Wartenbcrg  near  Geisingvu 
in  Baden."  The  eoluninar  nepheline-melilite-basidt  and  associated 
eru|)tiv{»  bn^ceia  of  the  \Vartenl;erg  are  allied  to  the  other  Swabian 
eiubry»>nic  volcanoes  (of  Branco),  and  are  to  be  regarded  as  fllliug 
a  volcanic  neck.  The  neighbouring  Fiirstenberg  is  believed  to  conceal 
a  similar  volcanic  nucleus. 
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Prof.  A.  ONiim(Freiburg-i.-B.),  "  On  some  Alkali-rocks  from  Spain," 
«lescribc3  three  rock-types.  ( 1 )  A  verito  from  Foi-tunu  in  the  province 
of  Murcia,  previously  descriluMl  by  Kamon  Adan  de  Yarza  as 
*  fortunite.'  it  is  a  glassy  faeies  of  (2)  a  rock  termed  hy  Yarza 
a  tnichyte,  but  which  Osann  proposes  to  call  *  fort  unite.*  This 
fortunite  (Osann)  exhibits  microscopically  phenocrysts  of  almost 
colourless  rhombic  pyroxene,  which  is  the  only  constituent  to  occur 
in  two  generations.  It  is  accompanied  in  the  groundmass  by 
monoclinic  pyroxene  allied  to  diopside,  phlogopite  (inica),  sanidine, 
apatite,  ilmenitc,  and  a  not  inconsideraldo  amount  of  glassy  base. 
(ij)  The  parent  rock  of  tlie  Jumilla  apatites,  wliich  occur  in  veins 
traversing  the  volcanic  rock.  The  rock  is  allied  to  the  orendites  of 
Whitman  Cross,  and  Osann  pnjpos(«s  to  call  it  *  jumillite.'  It  is  the 
first  rock  rich  in  leucitc  to  be  described  as  occumng  in  Spain. 

C.  Palache  (Han-anl  University).  **  On  ( )ctahedrite,  Brookite,  and' 
Titanite  from  Somerville,  Massachusetts,  U.S.A.,"*  describes  the 
occuiTcnce  of  these  titanium  com])ounds  in  veins  in  diabase,  from  the 
alteration  of  the  ilmenite  in  which  he  holds  that  they  are  derived. 
Twin  structure  [with  (101)  as  twin  plane]  in  octahedrite  is  recognized 
for  the  firat  time,  and  the  alteration  of  brookite  to  sagenitic  aggregates 
of  nitile  is  recorde<l. 

Dr.  H.  Preiswerk  (Bale),  **  !>ralchites  and  \intlites  in  the  Strona- 
and  Sesia- gneiss  (Piedmont),"  describes  two  dykes  of  hornblende- 
malchitc  and  one  of  mica-malchite  at  Lago  ^lergozzo,  near  Lag) 
Maggiore,  a  dyke  of  diorite-porpliyrite  in  Valhj  Cauobbina  and  a 
vintlitc  (diorite-porphyrit<^)  from  a  pass  eust  of  Gaby  in  Val  (iressoney. 

Prof.  (j.  Steinmann  (Freiburg-i.-B.),  **The  Origin  of  the  ('<)])per-ore 
Deposits  of  Corocoro  and  allied  occurrences  in  Bolivia."  The  deposits 
described  are  limited  to  tlie  inter- Andean  plateau  of  the  J^olivian 
Conlillera  and  occur  in  the  Cretaceous  Puca  sandstone.  The  copper 
occurs  chiefly  in  the  metallic  state.  Prof.  Steinmann  regards  it  as 
a  subsequent  deposit.  He  believes  it  was  contained  in  a  solution  in 
which  sulphuretted  hydrogen,  sulphuroTis  acid,  and  perliaps  also  carbon 
dioxide  were  the  gaseous  constituents.  In  order  to  obtain  from  such 
a  solution  metallic  copper  oxidising  sub>tances  are  re(]uisite,  and  such 
are  eveiywhere  present  in  the  sandstone,  as  iron  oxide  or  hydrates. 
The  sulphides  of  the  solution  will  be  oxidised,  the  sandstone  will  be 
bleached  (as  it  is  around  the  C()pj)er),  the  metal  will  be  set  free, 
and  gypsum  (usually  present  in  the  deposits)  will  be  formed. 
Prof.  Steinmann  believes  the  ultimate  source  of  the  copper  to  be  in  the 
Tertiary  Andes  granites,  dioritcs,  and  liypocryst^lline  porphyritic 
igneous  rocks. 

Dr.  Th.  Nicolau  (Jassy),  *'  The  Aragonite  of  Sarul  Dornei,"  describes 
needle-shaped  crystals  found  in  cavities  of  a  sandy  marl  in  ^loldavia. 

Dr.  L.  Finckh  (Beriin),  *'  The  Bhomb-porphyries  of  Kilimanjaro," 
doscribcs  the  rocks  of  Kilimanjaro  previously  di^scribed  under  other 
names  by  Prof.  Bonney,*  J.  S.  Hyland,'^  and  Tenno.^     They  agree  in 

»  Mio.  Map.,  No.  32  (1886),  pp.  10-12. 

«  TschermaVs  Min.  &  J'et.  Mitt.,  vol  x  (1888),  p.  203. 

'  H.  Meyer:  '*  O^tafrikanische  Gletseheriahrten,'*  I-,eipzig,  1890,  p.  30'). 
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essentials  (except  in  bearing  leucite)  with  the  kenyites  of  Hount 
Kenya,*  and  belong  to  the  family  of  trachy-dolerites.  The  phenocrysts 
consist  of  anorthoclase,  olivine,  nepheliue,  haiiyne  (scarce),  magnetite, 
apatite,  ilmenite,  and  zircon,  and  the  groundmass,  ofteu  more  or  less 
glassy,  contains  anorthoclase,  olivine,  nepheline,  leucite,  diopside, 
ffigirine,  cegirine-augite,  lavenite  (?),  anomite,  cossyrite  (scarce), 
catoplioritic  hornblende.  As  secondary  minerals,  pseudobrookite, 
analeite,  and  other  zeolites,  calcite,  and  hyalite  occur.  According  as 
nepheline  or  leucite  predominates  the  rocks  may  be  divided  into 
Nepheline-rhorab-porphyries  and  Leucite-rhomb-porphyries. 

Dr.  AV.  AVabl  (Helsingfors,  Finland),  **  On  a  Magnesium-diopside- 
Rearing  Diabase  from  Kallsholm,  Skargard  (skerry  well)  of  Foglii, 
Aland  Islands,''  describes  a  diabase  containing  a  magnesium-diopside 
clicmically  very  similar  to  that  in  the  diabase  of  Richmond,  Cape 
Colony,  and  the  mixture  of  pyroxenes  in  the  Hunne  diabase  of 
Halleberg  (at  the  south  end  of  Lake  Vener  in  Sweden).  The  rock 
chemically  resembles  the  olivine-diabase  of  Khosson,  near  St.  Davids,* 
and  the  Whin  Sill  *  of  Cauldron  Snout. 

Dr.  Wahl's  paper  is  the  last  in  the  volume,  but  owing  to  a  mistake 
of  the  post-office  a  paper  by  Mr.  A.  C.  Lane  (State  Geologist),  of 
Lansing,  Michigan,  anived  too  late  for  inclusion.  It  is  entitled 
**Die  Korngi'osse  der  Auvergnosen"  (the  size  of  grain  of  the 
auvergnoses),  and  deals  with  the  practical  and  tlieoretical  conclusions 
which  may  be  drawn  from  the  microscopical  study  of  the  size  of  the 
-constituents  of  igneous  rocks,  especially  the  quartz-diabase  of  the 
Medford  dyke  near  Harvard  University.  The  paper  is  published  by 
Schweizerbart,  Stuttgart,  in  the  same  style  as  the  Festschrift. 

B.    HOBSON. 

III. — European  Animals  :  thkir  Gkoloo ic a l History  ANDGEOGRArniCAL 
Distribution.  By  li.  F.  Scharff,  Ph.D.,  B.Sc,  Swiney  Lecturer 
on  Geology.  8vo ;  ])p.  xiv  and  258,  with  70  illustrations. 
(London  :  Archibald  Constable  &  Co.,  Ltd.,  1907.     7«.  6//.  net.) 

fl^HE  most  appropriate  motto  for  the  present  volume  would  have 
JL  been  the  author's  own  words  quoted  below,  with  the  last 
sontenci'  in  italics,  as  we  print  it.  **  Our  fossil  evidence  is  of  so  very 
fragmentary  a  character  that  it  is  often  extremely  difficult  to  point  to 
any  j)articular  country  as  the  home  of  a  species  or  genus  The  present 
diatrihution,  hoicevtr,  may  he  looked  iij}on  as  a  relialle  guide  in  directing 
our  inquiries  in  this  nspectV 

On  the  other  hand,  it  would  seem  to  us  rather  that  **The  present 
distribution  mu>t  he  looked  u])ou  frequently  as  a  fallacious  guide  in 
directing  our  in(juiries  concerning  the  home  of  a  species  or  genus." 

Herein  lies  the  one  giievance  we  have  with  the  contents  of  this 
otherwise  excellent  book.  There  is  also  in  our  opinion  too  much 
prominence  given  to  migration,  to  marches  and  countermarches;  and 
we  must  further  disagree  with  the  author  where  he  assumes  an 
extraordinary  longevity  of  Mammalian  species. 

1  G.  T.  Trior  :  Min.  Majr.,  vol.  xiii  (1903),  p.  247. 

2  See  A.  Goikk-  :  Quart.  Journ.  Geol.  Soc.,  1883,  p.  303. 

3  Teall:  Quart.  Journ.  Geol.  Soc,  1884,  p.  654. 
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"We  just  spoke  of  one  grievance,  and  here  we  have  already  pointed 
out  three  to  begin  with.  TKe  fact  is,  there  exists  a  connection 
between  these  ditferent  matters ;  they  can  therefore  be  all  summed  up 
under  one  head.  The  present  distribution,  of  course,  depends  more  or 
less  on  migi*ation  (it  is  the  divergence  of  opinion  about  the  more  or 
less  which  makes  all  the  difference) ;  and  when  the  author  assumes  the 
possibility  of  a  species  (of  Mammals)  dating  from  the  Tertiaiy,  riiocene. 
or  Miocene,  his  conclusion  is  influenced  by  considerations  taken  from 
its  present  distribution. 

What  is  *  geological  history '  of  European  animals  ?  Just  as  the 
history  of  a  nation  is  the  account  of  the  origin  and  evolution  of  that 
nation,  so  the  history  of  European  animals  is,  or  ought  to  be,  the 
account  of  the  origin  and  evolution  of  European  animals.  By  adding 
*  geological '  to  *  history  '  emphasis  is  laid  on  their  origin  and  their 
past  history  generally.  "We  are  therefore  led  to  assume  that  the 
author  realises  that  biogeography  cannot  dispense  with  the  teachings 
of  palaeontology.  As  a  matter  of  fact,  however,  he  has  just  told  us 
that  he  can  do  without  it.  Pleistocene  forms  of  life  are  frequently 
mentioned  throughout  the  book,  but  Tertiary  forms  to  a  much  lesser 
extent;  since,  however,  the  author  frequently  refrains  from  drawing 
any  inferences  from  them  they  are  generally  little  more  than 
ornamental  additions. 

That  our  present  fauna  and  flora  are  rooted  in  the  past  had  already 
been  acknowledged  by  Edward  Forbes,  who  was  far  in  advance  of  his 
time.  Compare,  for  instance,  his  work,  publislied  in  1846,  with 
Grisebach's  "Vegetation  der  Erde"  of  1872.  Eorbes,  however,  was 
a  pre-Darwinian,  and  of  necessity  made  use  of  pre-Darwinian  language. 
AVhen  he  recognises  a  Miocene  element  in  the  floni  and  fauna  of  the 
British  Islands,  his  interpretation  of  the  phenomenon  is  that  ^[iocene 
plants  and  animals  have  been  preserved  to  the  present  day  without 
changing  their  specific  identity.  Migrations  have  to  explain  their 
survival  with  us,  and  to  help  generally  over  all  other  difficulties. 

Dr.  Schai^lf  has  taken  Forbes  for  his  model,  but  he  apparently  has 
not  always  kept  in  mind  that  modern  biogeography,  like  modern 
systematic  zoologj*  and  botany,  cannot  discard  phylogenetic  views. 
If  you  are  opposed  to  these,  it  is  best  to  say  so,  and  to  give  the  reason 
why ;  but  you  cannot  ignore  them. 

On  comparing  the  title  of  ])r.  Scharff's  book  of  eight  years  ago  ^ 
with  the  title  of  tlie  present  one  we  should  naturally  expect  to  find  in 
the  latter  more  about  the  geological  history  of  European  animals  than 
in  the  former ;  on  comparing  the  contents,  however,  we  discover  that 
the  opposite  is  the  case.  AVc  ask  ourselves  if  all  this  is  done 
intentionallv,  if  our  author  bv  chance  wishes  us  to  revert  to 
Edward  Forbes,  i.e.  to  bring  our  present  biog(^ographieal  work  in 
consonance  with  the  views  of  him  who  *'has  laid  the  foundations  of 
ft  new  method  of  research." 

It  is  quite  true  that  fossil  evidence  is  often  fragmentary ;  still,  in  the 
two  groups  from  which  the  author  draws  the  majorit}'  of  his  examples, 
mails  and  mammals,  much  work  has  been  done  in  this  direction. 

1  **The  Ilietorj'  of  the  European  Fauna,"  London,  1899. 
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In  onler  to  substantiate  the  grounds  for  our  *  grievance.'  wc  select 
and  disiiiss  a  certain  number  of  the  author's  illustrations  Ti-hich  are  t'» 
the  point.  Of  the  hearer  it  is-  stated  (pp.  57-58)  that,  whilst  now 
practically  extinct  in  Western  Europe,  it  is  still  plentiful  in  IlussLi 
and  throughout  Siberia.  **  We  have  here  an  example  of  an  aninuil 
which  evidently  spread  westward  from  the  east,  since  it  has  nevir 
})oen  found  fossil  in  either  Ireland,  Italy,  or  Spain,  where  we  should 
expect  it  to  occur  if  it  had  originated  in  the  westi"  About  Irelaod 
Dr.  ScharlF  knows  best.  As  regards  Spain,  it  is  dangerous  to  draw 
inferences  from  ne;»ative  evidence  in  a  countrj*  wliere  so  little  is 
known  of  the  Pleistocene  fauna.  With  respect  to  Italy,  no  country 
of  the  world  has  vieldt^d  remains  of  beavers  from  so  manv  differeut 
geological  honzons  as  that  country.  'Ihey  occur  in  the  peat  (Varese 
and  elsewhere),  in  the  interglacial  lignites  of  Lecce,  in  the  older 
rieistocene  of  Arezzo,  and  lastly  at  least  one  species  is  known  from 
the  Ufiper  Pliocene  of  the  Val  d'Amo.  The  latter  is  different 
specifically  from  the  recent  s])ecies,  and  the  form  from  Arezzo  has 
also  been  assigned  to  a  distinct  species.  All  are  so  nearly  related 
til  at  they  were  j)robably  evolved  from  each  other. 

Our  conclusions,  with  regard  to  the  distribution,  past  and  present, 
of  the  mole  [Tii/pa  niropaa)  mentioncnl  on  the  same  page  (p.  58)  are 
\(  ry  similar  to  that  of  the  beaver.  It  would  require  pages  to  enter 
fully  into  the  particulars  of  the  case.  The  conclusions  of  the  author 
are  based  in  these  instances  upon  incomplete  and  erroneous  premises. 
What  he  says  about  the  ])reseiit  distribution  of  the  European  mole  i< 
erjuividc-ut  to  statin;:  that  it  has  migrated  from  a  region  where  it  does 
not  exist,  and  nt^ver  existed  for  all  we  know,  to  one  where  it 
has  existed  since  Pleistocene  times.  It  appears  to  have;  escaped  the 
author's  observatiou  that  the  mole  of  the  Caucasian  rc^gious  i« 
difl'eient  from  the  Kuro])ean  ;  the  Altai  mole  is  still  moi*e  dissimilar. 
On  the  other  hand,  nearly  related  forms  are  known  from  Southern 
Kuru])e.  As  in  the  case  of  the  beaver,  we  know  the  mole  from 
Kuroj)ean  Plei>tnf(  iie  deposits,  remains  of  a  distinct  species  are 
known  from  the  Pleistocene  of  Sardinia,  and  remains  of  Tertiary 
species  have  been  found  in  various  parts  of  Europe.  There  is  therefoiv 
sufficient  evidence  to  justify  the  assumption  that  Ta/pa  europaa  has 
been  evcilved  in  Europe. 

In  the  fauna  of  the  Spanish  Pc^ninsula  **  we  have  evidence  of  the 
exi>«tin(je  of  a  vtry  ancient  endemic  element  '*  (p.  105).  There  is 
a  Xoith  African  fauna,  too,  in  South  Spain  which  is  more  recent  than 
the  endemic  Lusituuijin  fauna.  **The  Lusitanian  area  was  invaded  by 
a  Xorth  African  fauna"  (ib.),  which  itself  is  of  old  date,  for  **thc 
African  forms  canu-  to  Spain  in  Miocene  times." 

It  has  hitherto  been  assunwd — and  in  our  opinion  rightly — that 
the  SjKinish  Peninsula  owes  the  archaic  elements  of  its  fauna  and 
ilora  to  long  isolation,  a  condition  which  must  have  rendered  this 
region  ])articularly  unsuitcMl  to  the  role  assigned  to  it  on  p.  100,  of 
having  been  "  a  (lentre  for  distribution  of  species." 

As  regards  the  African  forms  in  the  recent  ATammalian  fauna  of 
Spain,  oTir  knowledge  of  them,  both  in  Spain  and  North  Africa,  is 
still  imperfect.     But  this  much  may  bo  asserted,   when  the  author 
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claims  that  these  African  forms  came  to  Spain  in  Miocene  times  he 
commits  a  douhle  heresy,  namely,  that  tliey  remained  unaltered  since 
the  Miocene  and  remained  so  in  two  separate  regions. 

It  ought  to  he  clearly  understood  that  no  single  living  Mammalian 
species,  Ifgana  striata  not  excepted^  existed  so  far  back  as  the  Pliocene, 

Over  and  over  again  the  well-established  fact  of  the  comparatively 
^hort  duration  of  mammalian  species  is  ignored  by  the  author.  For 
lostaDce,  on  p.  221  we  read:  ^*  The  mammalian  fauna  of  the  Korth 
African  Tertiary  deposits  has  by  no  means  been  exhaustively  examined, 
yet  an  extremely  lich  osteological  collection  has  been  brought  together 
from  Algeria.  It  has  been  shown  that  several  kinds  of  hippopotamus, 
the  rhinoceros,  lion,  buftalo,  horse,  wild  uss,  several  antelopes,  a  camel, 
md  many  of  the  species  which  had  been  discovered  at  Pikenni,  in 
(Greece,  had  likewise  lived  in  North-West  Africa  in  the  past,  and  had 
even  persisted  there  up  to  Pleistocene  times." 

The  mention  of  the  Pikermi  fauna,  of  whicli  nothing  is  said  when 
discussing  the  ancient  land  surface  across  the  ^gean  Sea,  is  quite  out 
of  place  here ;  that  the  species  found  ut  Pikermi  perHisted  to  Pleistocene 
times  is  erroneous,  and  apt  to  lead  to  endless  confusion.  The  Algerian 
deposits  referred  to  ore  mostly  Pleistocene  or  even  alluvial ;  there  is 
a  doubt  in  some  instances  whether  Upper  Pliocene  Mammals  have 
been  mistaken  for  Pleistocene,  or  vice  versd. 

Arclomys, — We  agree  with  the  author  that  the  Alpine  fauna — as 
well  as  the  Alpine  flora — is  of  pre-Glacial  origin,  and  that  during 
the  height  of  the  Glacial  period  the  Alps  were  not  devoid  of  organic 
life.  A  species  of  marmot  (Arctomgit)  has  been  found  in  Upper 
Pliocene  deposits  of  Auvergne.  Prom  its  extreme  raiity  it  seems 
probable  that  the  species  did  not  live  on  the  spot,  but,  like  many  of 
its  extant  relatives,  was  a  dweller  on  mountains,  and  thut  its  remains 
were  only  occasionally  carried  down  by  floods  and  entombed  in 
lacustrine  deposits. 

Our  autlior  comments  on  the  different  Pi>ecies  of  the  genus  as 
follows  : — "  Like  the  chamois  the  Alpine  marmot  {Arctomys  mai  motto) 
is  disseminated  over  several  other  European  mountain  ranges  besides 
the  Alps,  and  there  is  some  fossil  evidence  of  its  having  spread  into 
the  plains  in  Pleistocene  times  ....  The  llussian  marmot 
[Arctomys  holac)  formerly  invaded  the  North  European  plain,  and  has 
since  retreated  to  the  eastern  parts  of  our  continent,  whence  it  came. 
The  Russian  marmot  is  found  right  across  Siberia  as  far  as  the  Amur, 
and  there  arc  no  less  than  ten  other  kinds  of  marmots  in  Asia.  Asia 
is  consequently  the  centre  of  distribution  from  which  tlie  marmots 
have  radiated  west  and  east,  for  live  species  have  penetrated  into 
Arctic  North  America.  That  this  touk  place  in  pre-Glacial  times  is 
evidenced  by  the  fact  that  one  si)ecies  is  known  from  American 
Pliocene  deposits"  (p.  139). 

We  have  just  mentioned  that  a  species  is  known  also  from  European 
Pliocene  deposits ;  the  genus  may  already  have  been  with  us  long 
before  the  Upper  Pliocene.  The  recent  disco veiy  in  the  Oligocenc  of 
North  America  of  a  genus  nearly  related  to  Arctomys  suggests  that  the 
latter  may  have  been  evolved  in  that  continent,  and  thtnce  spread 
east  and  west.     The  genus  having  existed  in  Western  Europe  before 
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the  Pleistocene,  there  is  no  stringent  necessity  for  applying  to 
Pleistocene  migrations  in  order  to  explain  its  presence  with  us  in  that 
period.  We  have  our  doubts  as  to  the  soundness  of  the  doctrine  asserted 
by  the  author  that  a  steppe  fauna  marched  wholesale  with  flying 
colours  into  Central  and  Western  Europe  during  post-Glacial  times  ami 
marched  back  again.  Several  of  the  eastern  steppe  mammals — ^thc 
bobak  one  of  them — certainly  extended  formerly  more  to  the  west 
than  they  do  at  present ;  others  of  the  supposed  invaders  prove  one 
after  the  other,  on  closer  examination,  to  be  specifically  distinct  from 
eastern  forms.     The  marmot  found  in  a  cave  of  Northern  Germanv 

• 

(Gcra)  is  closely  related  to  the  bobak,  but  still  differs  more  from  the 
latter  than  does  e.g.  the  Turkestan  marmot  {A,  dichroui,  Biichn., 
nee  Anders.).  It  is  the  same  with  the  susliks.  The  most  diffuse  of 
our  Pleistocene  susliks  is  quite  generally  identified  with  the  CiUlltu 
rufescens  of  the  Ural  Mountains,  but  it  is  likewise  a  distinct  species. 

The  hopelessness  of  the  undertaking  to  map  out  the  islands  and 
continents  of  a  former  epoch  or  of  former  epochs  by  the  existing 
distribution  of  animals,  to  the  exclusion  of  palaeontological  evidence, 
cannot  be  better  illustrated  than  by  the  following  passage  :  *'  If  the 
opinion,  expressed  by  several  authorities,  as  to  the  extreme  antiquit}' 
of  the  fauna  of  these  islands  [Sardinia  and  Corsica]  should  be 
substantiated,  we  could  establish  thereby  the  age  of  tne  European 
fauna  as  a  whole.  We  should  be  able  to  discover  the  precise  age  of 
soiue  of  the  animals  inhabiting  the  I3ritish  Islands.  For  in  Sardinia 
and  Corsica  there  occur  such  species  as  the  field-mouse  {lius  syirattcut), 
which  has  a  vorj*  wide  European  range  and  extends  as  far  north  as 
Iceland**  (  p.  215).  From  the  context  we  gather  that  by  **  extreme 
antiquity"  the  Miocene  is  meant,  for  the  author  had  just  quoted 
Kobelt's  contention  **  that  these  islands  [Sardinia  and  Corsica]  became 
sc])aratod  from  the  continent  in  Miocene  times,  and  that  they  wert* 
never  since  connected  with  it."  Hv.  also  refers  to  another  malacologist*:^ 
(Simroth's)  suggestion  of  an  immigration  (in  Corsica)  in  Miocene  times. 
The  author  therefore  implies  that  Mils  syhaUcm  may  be  a  Miocene 
s])(?cies  !  Mas  aylvatiem  occurs  in  fact  in  both  islands,  together  with 
other  mammals,  which,  with  the  exception  of  the  Moufilon,  are  not 
represented  in  the  Pleistocene  deposits.  The  Pleistocene  Mammalia 
of  these  islands,  wliich  the  author  does  not  discuss,  point  towanls 
a  continental  connection  in  the  Tertiary  and  their  isolation  at  tlie 
end  of  that  j)oriod.  To  explain  the  presence  of  the  recent  mammals 
we  are  tlicrefore  offered  the  following  alternative.  We  must  either 
adopt  Dr.  Scliarff's  suggestion  tluit  the  recent  Mammalian  species, 
in  spite  of  their  absence?  from  Pleistocene  deposits,  and  in  spite  of 
tlieir  absolute  identity  with  continental  species,  including  small  details 
in  the  coloration  of  their  skin,  alreadv  inhabited  these  islands  in 
Tertian'  times  and  have  preserved  their  specific  identity  ever  since. 
Or  else  we  must  accept  the  conclusion  which  has  recently  been 
arrived  at,  viz.,  that  with  the  exception  of  the  moufflon  all  the 
extant  Mammalia  of  Corsica  and  Sai^inia  have  been  introduced  by 
man,  either  intentionally  or  unintentionally.  We  think  there  can 
only  be  one  opinion. 

We  have  limited  our  criticisms  almost  exclusively  to  the  role 
assigned  by  the  author  to  the  existing  fauna,  because  that  if  the 
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leading  idea  of  the  book.  We  have  chosen  the  examples  from  the 
mammals  for  convenience  sake,  and  because  a  great  part  of  the  work 
is  devoted  to  this  class  by  the  author  himself.  We  refrain  from 
pointing  out  other  matters  in  regard  to  which  we  disagi-ee  with  the 
author ;  indeed,  it  is  high  time  that  we  should  speak  of  the  excellent 
qualities  of  the  book. 

Everyone  who  has  done  work  on  similar  subjects  knows  by 
experience  how  tedious  it  is  to  collect  the  nocessar}'  information 
whenever  he  has  to  travel  outside  his  own  department.  In  the 
present  volume  a  prodigious  amount  of  facts  from  many  classes  of 
the  animal  kingdom,  with  frequent  references  also  to  the  flora, 
have  been  laboriously  collected  and  discussed.  In  going  over  the 
bibliographical  appendix  wo  become  aware  that  all  the  more  recent 
publications  on  geographical  distribution  deal  with  but  one  or  a  few 
zoological  subdivisions;  so  that  Dr.  ScharfPs  book  is  really  an 
indispensable  repertory  of  zoogeography,  brought  up  to  date.  At 
the  same  time  it  loses  nothing  of  its  suggestiveness  for  advocating 
in  some  instances  views  whose  accuracy  is,  in  our  opinion,  open  to 
discussion. 

The  numerous  maps  showing  the  distribution  of  single  species  or 
genera  are  exceedingly  useful  and  instructive,  many  of  them 
representing  a  vast  amount  of  painstjiking  work.  The  hippopotamus 
(p.  78)  shouting  **  Excelsior !  *'  from  the  top  of  his  mountain  is  both 
amu.sing  and  harmless. 

On  the  whole  it  is  a  volume  of  great  utility  which  we  should  be 
sorry  to  miss  from  our  bookshelf.  C.  I.  Fonsmi  Major. 

IT. — The  Geology  of  the  Soctu  Wales  Coalfield.     Part  IX  :  West 

GOWEH  AND  THE  CoUNTRY    AROUND  PeMBREY.       By  Dr.    A.  StRAHAN, 

F.R.S.,  with  notes  by  B.  S.  N.  Wilkinson,  T.  C.  Cantrill,  and 
E.  E.  L.  Dixon.  Memoirs  of  the  Geological  Survey.  1907. 
Price  M. 

rilHIS  is  an  inexpensive  explanation  of  an  interesting  tract  in  South  , 
X  Wales;  the  western  half  of  the  promontory  of  (towct  with 
a  part  of  the  main  coalfield  botweou  Llanelly  and  Pembrev.  The 
advantage  of  a  *  solid '  as  well  as  a  *  drift '  edition  of  tluj  map  is 
apparent.  Placing  the  two  slu-ets  side  by  side,  we  can  readily  grasp 
the  structural  features  of  tlie  country  from  the  solid  edition,  but  it 
would  be  a  difficult  matter  to  decipher  this  from  the  map  which  sliows 
the  greater  portion  of  West  Gower  to  be  covered  with  l^oulder-clay. 
For  practical  purposes  both  editions  are  equally  necessary,  and  this 
fact  is  accentuated  by  the  addition  in  the  memoir  of  a  valiuible  map 
of  the  unproved  coalfield  beneath  the  Loughor  and  Burry  Estuarj^ 
The  rocks  described  include  the  Silurian,  Old  lied  Sandstone, 
Carboniferous,  Trias,  and  Superficial  deposits ;  and  it  is  worthy  of 
note  that  attention  has  been  given  to  the  zonal  divisions  in  the 
Carboniferous  Limestone  Series.  Among  the  Pleistocene  phenomena, 
the  Raised  Beach,  the  l^one  Caves,  and  the  Glacial  drift  furnish 
intereeting  data  which  suppoit  the  conclusion  that  the  mammalia 
lived  before  the  first  manifestations  of  glacial  action  in  South  Wales. 
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Y. — The  Stone  Implements  of  South  Africa.  By  J.  P.  JoHvsoy. 
4to,  cloth ;  pp.  53,  with  258  illustrations.  (London  :  LongmaDS, 
Green,  &  Co.,  1907.) 

IN  this  work  the  author  embodies  the  results  of  his  contributioDs, 
made  during  the  last  four  years,  to  our  knowledge  of  the  Stone 
Age  of  South  Africa.  At  the  same  time,  while  no  attempt  is  made 
•*to  review  the  abundant,  but  unsatisfactory,  literature  already  in 
existence,"  he  makes  mention  of  the  work  of  many  other  observers. 

He  records  the  occurrence  at  Lejfontein  of  Eoliths  belonging  to  two 
groups :  ( 1 )  Those  in  which  the  pieces  of  stone  have  been  subjected 
to  very  little  modification;  and  (2)  those  in  which  they  have  been 
chipped  into  definite  shapes.  He  reasonably  observes  that,  if  the 
Eoliths  represent  the  earliest  types  of  man's  handiwork,  **  one  would 
expect  them  to  be  barely  distinguishable  from  Nature's  work.  Their 
association  with  others  in  which  the  trimming,  though  of  the  same 
rude  kind,  is  arranged  in  definite  patterns  is  the  sole  ground  upon 
which  they  can  be  accepted."  The  illustrations  include  forms  identical 
with  many  found  in  England. 

Other  implements  from  the  Zambesi  Valley  in  the  vicinity  of  the 
Victoria  Falls  are  described.  Attention  was  first  drawn  to  these  by 
Colonel  Feilden,  and  they  have  since  been  figured  and  described  by 
Mr.  G.  AV.  Lamplugh  (Joum.  Anthrop.  Inst.,  vol.  xxxvi,  1906), 
who  remarked  that  **many  of  the  specimens  show  a  secondary 
chipping  which  corresponds  more  nearly  to  rough  European  Neolithic 
work  than  to  the  earlier  Palaeolithic  period."  Mr.  H.  Balfour,  who 
followed  Mr.  Lamplugh,  described  in  the  same  journal  a  characteristic 
type  of  Palaeolithic  implement  also  from  that  region.  Mr.  Johnson 
regards  many  of  his  specimens  as  belonging  to  the  transition  between 
the  Eolithic  and  Palaeolithic  stages  of  culture.  He  records  typical 
Palaeolithic  implements  from  the  deposits  of  the  Vaal  and  Orange 
Rivers  and  elsewhere ;  and  figures  some  minute  flakes  and  scrapers, 
fashioned  out  of  chert,  jasper,  and  agate,  from  Taaibosch  Spruit, 
a  tributary  of  the  Vaal,  above  Vereeni^ing,  and  from  other  localities 
Newer  or  advanced  types  of  implements  are  described  from  rock- 
shelters  in  the  Asbestos  Hills  and  elsewhere. 


VI. — Maryland  Geological  Survey. 

1. — The  Pliocene  and  Pleistocene  Deposits  of  Maryland.  By 
George  Burbank  Shattuck.  pp.  291,  75  plates,  and  10  text- 
figures.  (Baltimore:  The  John  Hopkins'  Press,  1906.) 
rpiITS  is  the  third  of  a  series  of  reports  on  the  systematic  geologr 
X  and  palaiontolog}'  of  Maryland.  The  first  and  second  Tolumc* 
were  devoted  to  the  Eocene  and  Miocene  deposits. 

The  Pliocf'ue  and  Pleistocene  formations  of  Maryland  (as  remarked 
by  the  State  Geologist)  have  exercised  a  potent  influence  upon  the 
surface  configuration  and  soils  of  Maryland ;  and  they  are  spoken  of 
by  the  author  as  **  the  last  of  a  long  series  of  unconsolidated  beds 
which  began  to  be  deposited  in  Lower  Cretaceous  and  possibly  Jurassic 
time,  and  have  continued  on  with  interruptions  down  to  the  present. 
These  deposits  are  composed  of  clay,  peat,  greensand,  marl,  gravel, 
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iron  ores,  and  ice-borne  boulders."  The  Pliocene  deposits  have 
yielded  no  fossils;  on  the  other  hand,  those  of  Pleistocene  age  have 
yielded  a  diversified  fauna  and  flora.  The  Mammalia  are  described 
by  F.  A.  Lucas,  the  Keptilia  by  0.  P.  Hay,  the  Insecta  by  E.  H. 
Sellards,  the  Crustacea,  MoUusca,  Coclenterata,  and  Protozoa  by 
W.  B.  Clark  (State  Geoloj?ist),  the  MoUuscoidea  by  E.  0.  Ulrich,  and 
the  Plants  by  Arthur  HoUick. 

The  volume  is  copiously  illustrated  with  maps  and  diagram -sections, 
with  photographic  plates  of  scenery  and  geological  phenomena,  and 
figures  of  the  organic  remains.  One  plate  gives  a  restoration  of  the 
American  Mastodon,  Mammut  americanum  (Kurr). 

2.  —  Rkpokt  ox  THE  Physical  Fkatdres  of  Mauyland.  By 
Wm.  Bullock  Clakk  and  Edward  B.  Mathews,  pp.  xv,  284, 
30  plates,  19  text-figures,  and  geological  map  of  Maryland. 
(Baltimore,  1906.) 

This  is  in  reality  a  handbook  to  the  country,  embracing  an  account 
of  the  physiography,  geology,  mineral  resources,  agriculture,  climate, 
hydrography,  terrestrial  magnetism,  and  forestry.  It  summarises  the 
information  acquired,  and  will  help  to  make  popular  the  results 
of  the  Geological  Survey.  Among  the  illustrations  are  plates  of 
characteristic  fossils  from  Silurian  to  Pleistocene.  The  well-printed 
geological  map  shows  clearly  the  various  formations,  and  to  the 
description  of  these  are  appended  notes  on  the  characters  of  the  soils 
and  the  crops  they  yield. 

VII. — Iowa  Geological  Suevey. 

WE  have  lately  received  the  sixteenth  volume  of  the  publications 
of  this  Survey,  including  the  Annual  Report  for  1905  and 
accompanying  papers  dated  1906.  Under  the  direction  of  Dr.  Frank  A. 
Wilder,  State  Geologist,  special  attention  has  been  given  to  economic 
geology;  and  he  remarks:  ** There  is  a  large  and  steadily  increasing 
demand  on  the  Survey  made  by  residents  of  the  State  for  assistance  in 
investigating  problems  and  examining  specimens  which  seem  to  have 
economic  significance.  I  have  no  doubt  that  in  this  the  Survey  at 
this  stage  in  its  development  will  render  its  greatest  returns  to  the 
State,  and  the  Director  and  his  assistants  have  not  hesitated  to  give 
freely  of  their  time  in  answering  appeals  for  examinations  of  mineral 
localities." 

lieports  on  the  geology  of  eight  counties  are  included,  together  with 
statistics  of  the  mineral  production  in  Iowa  for  1905,  There  was  an 
increase  in  the  production  of  coal,  gypsum,  and  sand-lime  brick. 

VIII. — Alabama  Geological  Survey. 

A  N  instructive  report  on  **The  Underground  Water  Resources  of 
jCjl  Alabama,"  by  Mr.  Eugene  Allen  Smith,  has  been  published. 
As  usual,  there  are  introductorj-  chapters  on  the  physical  geography, 
geology,  and  climate,  and  on  the  general  principles  of  underground 
iraters  and  artesian  wells.  These  are  followed  by  detailed  descrip- 
tious  of  the  wells,  springs,  and  mineral  waters  of  the  country. 
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I. — Dorset  Natukil  Histort  and  Aktiquariak  Field  Cutb. 

Under  the  guidance  of  Mr.  W.  H.  Hudleston,  F.Br.S.,  an  interestmg 
and  instructive  excursion  was  made  by  sea  to  view  the  clitfs  uf  the 
Isle  of  Purbeck  and  their  continuation  towards  Weymouth.  Leaving 
Swanage  soon  after  midday  on  July  9th,  the  party  embarked  on 
boaitl  the  steamer  '*  Empress "  and  proceeded  northwards  towards 
the  Foreland  to  examine  the  famous  thrust-fault  in  the  Chalk  of 
Ballard  Down.  He  turning  thence  to  Swanage  the  downward  sequence 
of  strata  was  observed  from  the  basal  Chalk,  through  the  Upper 
Greensand,  Gault,  and  Lower  Greensand  of  Punfield  to  the  broad 
stretch  of  AVealdeU  sands,  coloured  clays  and  lignites  of  Swanage 
Bay.  Onwards  by  Swanage  to  Durlston  Head  the  Purbeck  Beds 
were  well  seen,  based  on  the  stronger  Portland  rocks  which  front  the 
sea  westwards  to  St.  Ealdhelm's  (St.  Alban's)  Head  and  Emmit  HiU. 
Here,  as  the  Director  pointed  out,  we  see  the  effects  at  an  anticline 
which  brings  up  the  Ximeridge  Clay,  while  the  Portlandian  escarp- 
ment commences  to  wind  inland,  and  after  producing  the  eminences  of 
Hound-tout  and  Swyre  Head,  passes  in  a  noble  sweep  through 
Smedmore  Hill  and  Tyneham  Cap  into  the  final  precipice  of  GsdclifP. 
Attention  was  drawn  to  the  features  of  the  Kimeridge  Clay,  it?  *  coal,' 
its  ledges  formed  by  cement-stone  bands,  and  the  numerous  faults. 
Bevond  Gadcliff  the  diversified  features  of  the  coast  attracted  much 
attention.  Here  the  rampart  of  Jurassic  rocks  has  been  broken 
through,  and  the  sea  reaches  the  vertical  Chalk  in  Worbarrow  Bay ; 
in  Lulworth  Cove,  Man-of-War  Cove,  and  other  picturesque  inlets, 
oppoitunity  was  taken  to  demonstrate  the  effects  of  denudation 
and  of  the  remarkable  disturbances  to  which  the  strata  have  been 
subjected.  Westwards  attention  was  drawn  to  the  fine  cliffs  of 
Chalk  tmd  Upper  Greensand  of  White  Nothe,  and  the  striking 
unconformity  of  Gault  on  the  Purbeck,  Portland  Beds,  and  Kimeridge 
Clay  below  Holworth  House.  Thence  to  Weymouth  lower  strata 
were  observed  in  the  Corallian  beds  of  Osmington  and  in  the 
Oxford  Clay  which  forms  the  low  cliff  north  of  the  town.  Thus 
ended  a  most  enjoyable  excursion  in  which  the  main  features  in  the 
geology  of  Eastern  Dorset,  so  grandly  exhibited  in  the  coast -sections, 
were  viewed  and  explained  under  fairly  favourable  circumstances. 
About  120  members  and  their  friends,  including  the  President  and  all 
the  executive,  took  part  in  it,  and  had  the  weather  been  less 
threatening  the  attendance  would,  no  doubt,  have  been  more 
numerous. 

II. — Geological  Society  of  London. 

June  19th,  1907.--Aubrey  Strahan,  Sc.D.,  F.R.S.,  Vice-Prt>sident, 
in  the  Chair. 

The  following  communications  were  read  : — 

1.  '^  Tlic  Inferior  Oolite  and  Contiguous  Deposits  of  the  Bath* 
Doulling  District."     By  Linsdall  liichardson,  F.Ci.S. 
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In  this  paper  a  detailed  description  is  given  of  the  Inferior  Oolite  of 
the  country  between  Doulting  and  Bath.  The  beds  have  been  studied 
at  different  localities  within  the  area  by  several  geologists,  but  in 
most  cases  only  the  actual  facts  observable  were  reconlecl — there  was 
little  or  no  al^mpt  at  correlation.  Now  it  is  shown  that  there  is 
within  the  area  no  Inferior  Oolite  deposit  of  earlier  date  than  the 
Upper  Trigania  Grit — a  deposit  of  Garantiana  hemera.  In  the  hills 
south  of  the  Avon  Valley  at  Bath,  and  as  far  south  as  a  line  drawn 
east  and  west  through  Carnicote,  near  Tirasbury,  this  deposit  rests 
upon  the  Midford  Sands.  South  of  this  line,  and  between  it  and  one 
similarly  orientated  about  half  a  mile  farther  south,  it  rests  upon  the 
local  Cephalopod  Bed :  here  of  greater  antiquity  than  the  *  Sands  * 
(Midfoixl) ;  not  younger,  as  in  the  case  of  the  Cotteswold  Cephalopod 
Bed.  South  of  the  latter  line,  the  Upper  Tngonta  Grit,  often  con- 
glomeratic, pests  upon  the  non-arcDaccous  Liassic  deposits,  until  in 
the  more  immediate  neighbourhoo<l  of  the  Mendip  Hills  it  is  over- 
steppwl  by  the  Doulting  Stone,  which  rests  directly  upon  the 
well-planed,  bored,  and  oyster-strewn  surface  of  the  RhoDtic  White 
Lias  and  the  Carboniferous  Limestone.  On  the  south  side  of  the 
Mendip  Hills  the  Upper  Trigonia  Grit  comes  in  again. 

The  Fullers*  Earth  at  ^lidford,  at  least  tlio  lower  part,  is  of  zigzag 
hemera.  The  inter^'cning  Inferior  Oolite  between  it  and  the  Upper 
Trigonia  Grit  may  be  thus  divided,  dated,  and  compared : — 

Fullers'  Earth {zigzag). 

2-1     I.  Rubbly  Beds.  I  /:„fo,    •      ^  )    Chjpeua  Grit  of  the 

i-f  ?    II.  Anabaeia  Limestones.   }  ^^"if^"-^:^  /        ^^^^  aud   North 
j|^  (ill.  Doulting  Stone.  j      -''•«^"»»-)    j        CottcHWolds. 


Inferior 
Oolite. 


=  *  CoruUine  Beds  ' 


IV.  Upper  Coral  Bed  (rn..///0 |    "  J  S> 

V.  Dundry  Freestone (Usually  absent.) 

VI.  Upper  Trf^Witrt  Grit  (Garantiana). 
(Non- Sequence) 
Lias. 

In   one  appendix  Mr.  S.  S.  Buckman   indicates  the  deposits  in 

Dorset  equivalent  to  the  above ;  in  anotlier  the  late  Mr.  J.  F.  Walker 

and  Mr.  Richaixlson  deal  with  the  Brachiopoda  of  the  Fullers*  Earth, 

naming  seven  new  species ;  and  in  a  third,  Mr.  llichardson  describes 

a  new  Amberkya  and  Spirorbis.     The  micro-fauna  of  tlio  Upper  Coral 

Bed    is  dealt  with  by   Mr.   C.  Upton,  who  obtained  from  material 

furnished  him  from  Midford  and  Tirasburj-  Sleight  most  of  the  micro- 

Brachiopoda  such  as  were  found  by  Charles  Moore  at  Dundry  Hill. 

2.  **The  Inferior  Oolite  and  Contiguous  Deposits  of  the  District 
between  the  Rissiugtons  and  Burford.*'  By  Linsdall  Bicliardson, 
F.G.S. 

This  paper  is  presented  with  the  preceding,  because  there  are 
several  points  of  similarity  between  the  two  districts  described.  Both 
are  near  lines  of  countrj*  along  which  movements  of  upheaval  were 
frequent  during  the  time  of  formation  of  the  Inferior  Oolit<;  rocks. 

In  the  Bath-Doulting  district,  above  the  Upper  Trigonia  Grit 
(which  rests  upon  the  Upper  Lias)  over  a  restricted  area,  is  the  Dundry 
Freestone,  and  over  a  greater  the  Upper  Coral  Bed.     Then  come  the 
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Doulting  Beds.  The  Doulting  Beds  are  equivalent  to  the  Cl^ptta 
Grit  of  the  district  here  dealt  with :  the  Ruhblv  Beds  to  the  Rubblv 
Beds,  and  the  Anahaeia  Limestones,  phu  the  Doulting  Stone,  to  the 
*  Massive  Beds'  of  the  Clypeus  Grit.  The  basal  portion  of  the  Fullers' 
Earth  in  the  neighbourhood  of  Midford  is  of  zigzag  hemera.  There  is 
no  reason  for  assigning  the  thin  clay-bed,  with  its  median  band  of 
Ostrea  acuminata  Limestone  at  Great  Kissington,  to  any  other  hemera. 
Whatever  is  the  case  elsewhere,  there  is  no  deposit  in  the  Bissington 
district  between  the  Clgpeus  Grit  and  the  Fullers*  Earth. 

3.  **The  Flora  of  the  Inferior  Oolite  of  Brora  (Sutherland)."  By 
^[iss  M.  C.  Stopes,  D.Sc,  Ph.D.,  Lecturer  in  the  Victoria  University 
of  Manchester.  (Communicated  by  Professor  J.  W.  Judd,  C.B., 
F.II.S.,  F.G.S.) 

This  paper  is  to  place  on  record  the  discovery  of  a  bed  containing 
impressions  of  plants,  which  represent  a  flora  bearing  a  strong  likeness 
to  that  of  the  Inferior  Oolite  of  the  Yorkshire  coast.  Previously,  but 
one  species  and  a- second  doubtful  one  were  known  from  these  coal- 
bearing  beds.  The  bed  in  which  the  plants  were  found  was  a  thin 
shale -band  cropping  out  below  high-tide  level  on  the  coast,  about 
1^  miles  south  of  Brora.  According  to  Professor  Judd*s  mapping, 
this  reef  would  come  within  the  boundary  of  the  Lower  OoUte, 
although  from  the  more  recent  Geological  Survey  map  it  appears  to 
come  in  the  position  of  the  Middle  Oolite.  It  forms  a  band  2  or  3  inches 
thick  in  a  barren  grey  shale,  and  the  impressions  are  fragmentaiy 
except  in  the  cose  of  Ginkgo,  some  of  the  leaves  of  which  are  practically 
perfect  and  show  the  veining  of  the  lamina,  and  in  some  cases  (after 
suitable  treatment)  the  minute  detail  of  the  epidermis.  Seven  species 
of  plants  are  identified,  one  of  them  being  new,  and  four  other  species 
admitting  of  generic  identification ;  and  most  of  these  species  are 
identical  with  those  obtained  from  the  Inferior  Oolite  of  Yorkshire. 
The  minute  structure  of  the  leaves  of  Ginkgo  is  compared  with  those 
of  G,  hiloha,  and  proves  the  species  to  be  quite  distinct.  The  plants 
found  are  those  of  a  land-area,  probably  with  firm  ground  surrounding 
pools  or  shallow  water,  as  indicated  by  the  fact  that  Ginkgo  and 
JSquisetites  are  the  two  commonest  forms. 

4.  **  The  Constitution  of  the  Interior  of  the  Earth  as  revealed  by 
Earthquakes  {second  communication):  Some  K^ew  Light  on  the  Origin 
of  the  Oceans.''     By  Richard  Dixon  Oldham,  F.G.S. 

The  attempts  which  have  been  made  to  account  for  the  oceans  and 
continents  are  all  subject  to  an  uncertainty,  in  that  we  have  had  no 
means  of  knowinp^  whether  it  is  a  mere  irregularity  of  form  that  has 
to  be  accounted  for,  or  whether  this  irregularity  is  but  the  expression 
of  a  deep-seated  difference  in  the  constitution  of  the  earth.  The  paper 
is  an  attempt  to  clear  up  this  uncertainty  by  a  comparison  of  the 
Kuropean  records  of  the  San  Francisco  and  Colombian  earthquakes  of 
April  18th  and  January  31st,  1906.  In  the  former  case  the  wave- 
paths  to  Europe  lay  under  the  continent  of  North  America  and  the 
continental  shelf  of  the  North  Atlantic,  being  typically  continental  in 
character;  in  the  latter  case  they  crossed  the  broadest  and  deepest 
part  of  the  Atlantic  basin,  being  essentially  oceanic.     The  absolute 
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rates  of  propagation  cannot  bo  compared,  owing  to  the  time  of 
occurrence  of  tibe  Colombian  earthquake  being  unknown;  but  the 
interval  between  the  arrival  of  the  first  and  second  phases  is  found  to 
be  longer  in  the  case  of  this  earthquake,  by  an  amount  much  in  excess 
of  any  probable  error  of  record  or  interpretation.  This  difference 
indicates  that  the  rate  of  propagation  of  the  second-phase  waves  was 
relatively  slower  in  the  case  of  the  Colombian  earthquake,  and, 
consequently,  a  difference  in  the  constitution  of  the  matter  through 
'which  they  were  propagated.  The  Japanese  reconls  of  the  San 
Prancisco  earthquake  also  give  an  interval  between  the  first  and 
second  phases  which  is  greater  than  the  average,  the  wave-paths  in 
this  case  too  being  oceanic. 

From  these  facts  the  general  conclusion  is  drawn  that  oceans  and 
continents  are  not  mere  surface  irregularities  of  the  earth's  form, 
but  are  accompanied  by,  and  probably  related  to,  differences  in  the 
constitution  of  the  earth  beneath  them,  which  extend  to  a  depth  of 
about  one-quarter  of  the  radius.  It  is  not  possible  to  state  exactly 
in  "what  this  difference  consists,  beyond  that  it  causes  the  rate  of 
propagation  of  the  second-phase  waves  to  be 'less,  in  compaiison  with 
that  of  the  first-phase  waves,  under  the  oceans  than  under  the 
continents. 

5.  **  The  Swansea  Earthquake  of  June  27th,  1906."  Bv  Charles 
Davison,  Sc.D.,  F.G.8. 

With  the  exception  of  the  Hereford  earthquake  of  1896,  the  Swansea 
earthquake  was  the  strongest  which  has  been  felt  in  this  country  for 
more  than  20  years.  It  disturbed  an  area  of  66,700  square  miles, 
reaching  from  Rochdale  on  the  north  to  Penzance  on  the  south,  and 
from  beyond  Maidenhead  on  the  east  to  Waterfonl  on  the  west.  The 
centre  of  isoseismal  8  lies  about  3  miles  west  of  Swansea,  the  longer 
axis  of  the  curve  being  directed  E.  5°  N.  and  W.  5^  S.  At  Swansea, 
Neath,  etc.,  the  total  number  of  chimneys  thrown  down  or  damaged 
must  amount  to  several  hundred. 

The  shock  consisted  of  two  distinct  parts — the  first  part  being  much 
weaker  than  the  second,  except  at  places  within  an  oval  area  lying 
some  miles  to  the  east  of  the  Swansea  epicentre.  The  existence  of 
a  secondary  focus  beneath  this  area  is  also  indicated  by  the  relative 
positions  of  the  isoseismal  lines,  the  isoseismal  8  b(?ing  much  nearer 
the  isoseismal  7  at  the  western  than  at  the  eastern  end.  In  twin 
earthquakes,  it  is  difficult  to  ascertain  the  position  of  the  focus  in 
which  the  weaker  impulse  originated,  but  in  the  Swansea  earthquake 
observations  in  mines  offer  an  unexpected  help.  The  shock  was  felt 
severely  in  mines  within  an  area  8  or  9  miles  iu  diameter,  and  as 
a  tremor  outside.  The  centre  of  this  area  lies  about  1  mile  west  of 
Llwynypia,  22J  miles  east  of  the  Swansea  epicentre,  and  is  close  to 
the  centre  of  the  area  over  which  the  weaker  part  of  the  shock  was  felt. 

Observations,  53  in  number,  were  obtained  from  39  pits,  distributed 
over  an  area  49  miles  in  length,  from  near  Kidwelly  to  near  Pontypool. 
The  shock  was,  as  usual,  less  strongly  felt  in  pits  than  on  the  surface ; 
and  the  sound  was  more  uniform  and  monotonous  underground. 
Both  shock  and  sound  were  observed  in  pits  over  about  the  same  area. 
in  pits  not  more  than  5  miles  from  the  nearest  epicentre,  the  sound 
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seemed  to  pass  below  the  workings ;  in  those  at  a  greater  distance,  it 
seemed  as  a  rule  to  pass  overhead  or  to  travel  along  the  woikings. 
There  is  some,  though  not  decisive,  evidence  for  supposing  that  the 
fault  was  felt  more  severely  in  the  lower  than  in  the  upper  irorkings 
of  a  pit. 

The  originating  fault  in  the  neighbourhood  of  Swansea  must  run 
from  E.  6°  N.  to  W.  5°  S.,  hading  to  the  south,  and  passing  not  Jar 
from  the  line  joining  Lhinelly  to  Neath,  which  is  5  or  6  miles  to  the 
north  of  the  great  east  and- west  fault  under  Swansea  Bay.  The  first 
movement  occurred  in  the  eastern  focus  near  Llwynypia,  and  this  was 
followed  after  a  few  seconds  by  a  much  stronger  movement  in  the 
western  or  Swansea  focus.  The  interval  between  the  parts  was  such 
that  the  earlier  impulse  was  felt  fii*st  all  over  its  disturbed  area ;  hut, 
as  the  foci  were  quite  detached,  the  earthquake  was  no  doubt  a  true 
twin  earthquake. 
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6.  **The  Ochil  Earthquakes  of  September,  1900,  to  April,  1907.' 
By  Charles  Davison,  Sc.D.,  F.G.S. 

During  this  interval  a  series  of  slight  shocks  was  felt  chiefly  in  the 
villages  of  Hlairlogie,  Menstrie,  Alva,  and  Tillicoultry,  lying  between 
the  Ochil  Hills  and  the  river  Forth.  There  were  four  shocks  in  1900, 
one  in  1903,  ten  in  1905,  nineteen  in  1906,  and  eight  up  to  the 
end  of  April,  1907.  The  strongest  shock  of  the  series  occurred  on 
September  21st,  1905  ;  its  intensity  was  6,  and  it  disturbed  an  area  of 
about  1,000  square  miles.  The  originating  fault  must  be  directed 
from  about  E.  27°  X.  and  AV.  27°  S.,  hading  to  the  north,  and  passing 
not  far  from  the  villages  mentioned  above.  It  cannot,  therefore,  be 
identified  with  the  great  Ochil  Fault,  which  in  the  district  referretl  to 
runs  from  about  E.  13°  N.  to  AV.  13°  S.  and  near  Dollar  hades  to  the 
south ;  although  it  is  possible  that  some  or  many  of  the  slighter  sheiks 
may  have  been  due  to  slips  along  this  fault. 

It  was  announced  that  *'  The  HistoiT  of  the  Geological  Society  of 
London,'*  by  Horace  B.  Woodward,  F.R.S.,  illustrated  with  twenty- 
eight  portraits  and  reproductions  of  medals,  will  shortly  be  obtainable 
at  the  Society's  Apartments,  price  7«.  6rf.  nett ;  and  at  the  reduced 
price  of  6».  by  Fellows  only. 

The  next  Ordinary  Evening  Meeting  of  the  Society  will  be  held  on 
Wednesday,  November  Oth,  1907. 

III. — Mineralogical  Socikty. 

Tuesday,  June  11th. — Professor  H.  A.  Miers,  F.ll.S.,  President,  in 

the  Chair. 

Hamlinite  from  the  Binuenthal,  by  Mr.  H.  L.  Bowman.  A  mineral 
occurring  in  small  brown  six-sided  i)lates  in  the  white  dolomite,  to  which 
the  name  bowmanite  was  given  by  Mr.  Solly  in  1904,  is  shown  by 
analysis  to  be  identical  with  hamlinite.  The  crj'stals  show  a  division 
into  six  biaxial  sectors,  and  are  consequently  pseudohexagonaL — 
Faceted  Beads  of  Zinc,  by  Mr.  T.  V.  Barker.  The  President  described 
bends  of  zinc  de])osited  on  crucible  lids  by  sublimation  of  zinc  through 
oxide  of  tin.     Some  of  these  beads  are  covered  with  brilliant  &cett 
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and  present  the  appearance  of  crystals  rich  in  faces.  M'r.  Barker  has 
found  that  ther  do  not  lie  in  zones  or  obey  the  laws  of  distribution  of 
ordinary  crystal  faces,  and  cannot  therefore  be  reganled  as  the  faces  of 
a  single  crystal.  There  is,  however,  no  evidence,  from  etching  by 
acid,  that  the  bead  is  an  aggregate  of  crystals.  The  nature  of  these 
remarkable  faces  is  difficult  to  understand.  A  bead  of  platinum 
presenting  the  same  peculiarities  was  measured  by  tlie  late  Professor 
Miller.  —  Chlormanganokalite,  by  Dr.  H.  J.  Johnston  -  Lavis  and 
ITr.  L.  J.  Spencer.  A  preliminary  account  of  this  new  Vesu^•ian 
mineral  was  given  by  Dr.  Johnston-La^•is  in  Nature  on  May  31,  1906, 
A  new  analysis  of  the  minend  gives  the  formula  Mn  Clg,  4  K  CI. 
The  crystids  are  rhombohedral,  with  a  rhombohedral  angle  of 
57®  36';  they  are  optically  uniaxial  with  very  weak  positive 
birefringence;  the  refractive  index  is  1*59  and  the  specific  gravity 
2*31. — Mr.  L.  J.  Spencer  exhibited  a  suite  of  beautifully  crystallized 
minerals,  presented  to  the  British  Museum  by  Mr.  Percy  C.  Tarbutt, 
from  the  Bhodesia  Broken  Hill  mines  in  North- Western  Ilhodesia. 
In  driving  a  tunnel  through  one  of  the  kopjes,  which  consist  mainly 
of  cenissite  and  hemimorphite,  a  cavern  containing  flint  implements 
and  bones  of  recent  mammals  was  encountered,  and  a  cavity  in  the 
bone-breccia  on  the  floor  of  this  cave  was  encrusted  with  magniticcut 
groups  of  hopeite  crystals  (the  rare  hydrous  ziuc  phosphate  discovered 
by  Sir  David  Brewster  in  1823).  In  the  vicinity  of  the  cave,  crystals 
of  another  hydrous  zinc  phosphate  were  found  in  association  with 
descloizite  (hydrous  vanadate  of  lead  and  ziuc).  The  crystals  of  this 
new  species,  for  which  the  name  tarbuttite  is  proposed,  are  anorthic ; 
they  possess  a  perfect  cleavage  in  one  direction,  through  which 
emerges  obliquely  the  acute  negative  bisectrix  of  the  optic  axes. 
Ca%'ities  in  the  onlinary  ore  are  lined  with  large  twinned  crystals  of 
water  -  clear  cerussite,  which  are  encnisted  with  small  crvstals  of 
hemimorphite. — A  group  of  quartz- crystals  from  British  (luiaua  was 
exhibited  by  Mr.  Anderson  and  a  fine  crj-stul  of  apatite  by  ^Ir.  Gordon. 

OOimESI>02SriDE2SrCE- 

CHEMICAL  REACTIOXS   BETWEEN   SOLTDS. 

Sib, — The  attention  of  gcolojjists  should  be  drawn,  I  think,  to  some 
recent  experiments  by  Mr.  E.  P.  Perinan,  briefly  described  in  Xtiture 
for  June  20th  last,  in  the  abstracts  of  the  Proceedings  of  tlie  Koyal 
Society ;  and  of  which  further  details  will  no  doubt  soon  be  available. 
The  author  finds  that  reactions  take  place  between  many  pairs  of  salts 
in  the  si^lid  state,  but  he  also  finds  that  careful  drying  prevents  such 
reactions.  From  this  he  concludes  that  the  reactions  are  carried  on  by 
means  of  thin  films  of  water,  acting  as  ionizing  solvents.  Many  salts 
react  on  merely  shaking  their  powders  together  ;  but  all  the  changes 
are  greatly  aided  and  accelerated  by  heat  and  by  pressure. 

The  importance  of  these  experiments  for  geologists  will  be  obvious 
enough,  and  needs  no  insisting  upon,  particularly  in  connection  with 
metamorphic  problems.  Indeed,  geologists  might  claim  a  sort  of 
priority,  for  Mr.  Perman's  *•  Heat,  Pressure,  and  Water"  have  been 
allies  of  ours  for  many  years  past.     Not  that  this  detracts  from  the 
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value  of  such  work  to  us.  It  is  just  such  work  that  we  need,  to 
put  our  ideas  into  more  distinct  and  scientific  forms;  and  modem 
•chemistry  will  evidently  do  this  service  more  rapidly  than  we  coidd 
have  hoped.  Mr.  Porman's  salts  were  no  doubt  more  tractable  than 
those  that  are  the  components  of  rocks,  but  then  it  is  quite  certain 
that  his  agencies  have  been  applied  to  rocks  fully  in  proportion  to  the 
refractoiiuess  of  theij*  materials.  And  Adams's  experiments  upon  tht* 
flow  of  marble  show  that  some  rocks,  at  any  rate,  are  not  beyond 
the  power  of  laboratory  treatment. 

In  this  Magazine  for  May,  1903,  I  attempted  to  apply  the  work  of 
Roberts-Austen  on  the  Diffusion  of  Metals  to  the  Diffusion  of  Granite 
into  Ciystalline  Schists,  and,  at  the  close  of  my  paper,  I  dwelt  on 
difficulties  arising  from  the  heterogeneity  of  the  materials  of  rocks. 
But  it  is  clear  that  chemical  reaction  between  solids  adids  vastly  to  the 
possibilities  of  solid  diffusion  unaided  by  such  changes,  and  a  hope  of 
further  information  of  the  kind  is  expressed  in  the  concluding 
paragraph  of  the  paper  quoted. 

Geologists  will  look  forward  with  interest  to  the  full  text  of 
Mr.  Pcrman's  paper,  and  hope  that  he  will  pursue  these  researches 
fui-ther  still.  £oward  Orkbnlt. 


JOHN  FRANCIS  WALKER.  M. A.. F.L.S..F.I.C..F.C.S..F.G.S. 

FORMEBLT   TeLLOW   OF    SlDNET   SuSSEX   CoLLEGE,    CAMBRIDGE. 

(WITH  A  PORTRAIT,   PLATE  XVI.) 
Born  Nov.  25,  1839.  Died  May  23,   1907. 

All  lovers  of  Yorkshire  may  well  feel  proud  of  the  many  eniinent 
geologists  wlio  either  claim  it  us  their  biitliplace,  or  have  adopteil  this 
grand  county,  so  rich  iu  geological  and  palteontological  interestji,  a^  their 
home.  One  recalls  to  miud  the  names  of  some  belonging  to  the  post 
and  some  still  present  with  us :  Young  and  Bird,  Dr.  Wm.  Smith, 
the  AVilliamsons,  Martin  Simpson,  AV.  Yernon  Harcourt,  John  Phillips, 
Dr.  H.  C.  Sorbv,  Dr.  Murrav,  J.  Leckeuby,  Sir  Charles  Strickland, 
Dr.  John  Lycett,  llev.  Professor  J.  F.  Blake,  AV.  H.  Hudleston, 
Dr.  Keed  of  York,  Professor  L.  C.  Miall,  Ralph  Tate,  Jas.  Wm.  l)a\*is 
of  Halifax,  Dr.  Tempest  Anderson,  Samuel  Chadwick,  G.  W.  Lamplugh, 
and  many  others.  To  those  worthies  whose  names  are  inscribe*!  u{k)u 
her  past  records,  must  also  now  be  added  that  of  John  Francis  Walker. 

Jiom  at  York,  Xov.  25th,  1839,  J.  F.  Walker  was,  by  inheritance, 
a  Freeman  of  that  city,  where  his  family  had  resided  for  several 
generations,  his  grandfather  having  held  the  office  of  Sheriff  in  1841. 
At  an  early  age  he  commenced  his  education  at  St.  Peters  School, 
York,  and  at  18  he  bicanie  a  student  at  the  Uoj-al  Agricultural 
College,  Cirencester,  where  under  Dr.  Yoelcker,  F.K.S.,  Profes.sor  of 
Chemistry,  and  Professor  James  Buckman,  F.O.S.,  Professor  of  Natural 
Ilistoiy,  he  imbibed  that  earnest  love  of  ehemistr}-  and  geology  which 
liad  such  an  important  influence  on  his  future  career  in  life.  In  1S62 
he  entered  Sidney  Sussex  College,  Cambridge,  and  was  bracketed  lirst 
in  the  Natural  Science  Tripos  in  18G6.     From  Cambiidge,  alter  taking 
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IS  degree,  Mr.  "Walker  proceeded  to  the  University  of  Bonn,  where 
e  studied  organic  chemistry  under  Professor  Keckule,  and  remained 
I  Germany  during  the  Franco-Prussian  War.  Returning  to  London, 
ahn  Francis  Walker  studied  Law,  and  was  in  due  course  called  to  the 
ar,  but  never  practised. 

He  subsequently  returned  to  Cambridge  as  Chemical  Lecturer, 
nd  was  elected  to  a  Fellowship  in  Sidney  Sussex  College,  where  he 
ad  formerly  been  a  student.  But  even  his  love  for  chemistry  was  in. 
ime  entirely  overshadowed  by  his  stronger  attachment  to  geology. 

In  1867  he  was  elected  a  Fellow  of  the  Geological  Society,  and 
1  1873  of  the  Linnean  Society.  About  this  time  he  also  became  a 
'ellow  of  the  Chemical  Society,  and  a  member  of  the  Geologists*" 
Lssociation. 

J.  F.  Walker  took  the  deepest  interest  in  collecting  the  fossils  from, 
he  Lower  Greensand  of  Cambridgeshire,  known  generally  as  the 
'  Coprolite  Workings,"  and  on  May  7th,  1867,  he  communicated  his 
rst  paper  to  the  Yorkshire  Philosophical  Society  on  **  Some  new 
!oprolite  Workings  in  the  Fens  "  (Geol.  Mao.,  Vol.  IV,  p.  309),  and 
iter  on  in  the  same  year  another  paper,  "On  some  New  Terebratulid© 
rom  Upware  "  (Geol.  Mao.,  Vol.  IV,  p.  454,  PI.  XIX). 

In  1882  Mr.  Walker  married  Miss  Alice  Cracknell,  of  Knowle 
Touse,  Ealing,  W.,  and  afterwards  retiring  from  Cambridge  he  settled 
t  45,  Bootham,  York,  devoting  the  greater  part  of  his  time  to  his 
eological  pursuits. 

During  his  residence  in  York,  for  the  last  25  years,  John  Francis 
Valker  has  taken  the  deepest  interest  in  the  prosperity  of  the  York- 
hire  Philosophical  Society's  Museum,  and  has  been  for  some  time  past 
bs  senior  Vice-President  and  Honorary  Curator  of  its  Geological 
Collection,  to  which  he  has  also  been  a  most  liberal  donor. 

He  presented  the  types  of  his  Carabndge  Greensand  Brachiopoda 

0  the  British  Museum,  and  those  illustrating  his  joint  paper  with 
Ir.  G.  W.  Lamplugh,  **  On  the  Brachiopoda  from  the  Lower  Green- 
and  of  Leighton  Buzzard,  Bedfordshire,"  to  the  Geological  Society's 
luseuni. 

Mr.  S.  S.  Buckman,  F.G.S.,  writes  to  the  Editor: — **The  loss  of 
•ur  friend  and  fellow-worker  in  geology,  John  Francis  Walker,  will 
\e  keenly  regretted  by  all  who  arc  interested  in  the  study  of 
brachiopoda.  They  will  miss  a  genial  friend  who  was  ever  ready 
rith    kind   sympathy    and    practical  help.      He    had    accumulated 

1  splendid  collection  of  British  and  foreign  Brachiopoda;  and  he 
fould  place  his  knowledge  and  his  specimens  at  the  disposal  of  other 
tudents  with  the  greatest  generosity.  Many  anecdotes  are  told  of 
lis  readiness  to  help.  If  an  investigator  wished  to  examine  certain 
(pecimens  from  a  Yorkshire  locality  and  Mr.  Walker  had  not 
i  sufficiently  good  series,  he  would  take  the  trouble  to  make  a  special 
risit  to  the  locality  in  order  to  obtain  the  necessaiy  material.  Or 
I  student  wishing  to  compare  some  foreign  species  with  its  British 
lilies,  made  application  to  Air.  Walker.  If  he  possessed  specimens 
:hey  were  placed  at  the  student's  disposal ;  but  on  occasions  when  he 
nad  not  any  examples  he  has  sent  to  the  Continent  to  purchase  them, 
ind  has  desired  the  student  to  keep  one  of   the  best  for  his  own 
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collection.  Spontaneously,  too,  he  enriched  many  a  cabinet.  A  box 
of  specimens  would  arrive  with  a  kindly  note  to  say  that  he  had 
obtained  an  interesting  series  from  some  locality,  and  he  hoped  his 
correspondent  would  find  the  enclosed  specimens  an  addition  to  his 
scries. 

''Although  Mr.  Walker  collected  Erachiopoda  of  all  ages  and  all 
countries,  he  perhaps  paid  most  attention  to  British  Jurassic  ipecies. 
He  was  the  first  to  find  the  rare  IHctyothyrU  [^Terehratula]  Morteri 
in  England,  and  one  of  his  earliest  papers  gave  an  account  of  the 
discovery.  For  many  yeai*s  he  spent  some  poi^ion  of  the  Summer 
on  the  Dorset  coast  to  work  the  rich  deposits  in  the  neighbourhood 
of  Bridport ;  and  he  published  some  papers  on  his  discoveries  in  this 
district.  He  also  made  sojourns  in  the  Cotteswolds ;  while  at  other 
times  his  hammer  was  busy  among  the  rocks  of  Yorkshire.  Only 
last  Summer  he  made  a  collecting  tour  among  the  Jurassic  rocks  of 
the  Normandy  coast,  and  several  of  his  friends*  cabinets  are  the  richer 
for  specimens  which  he  then  obtained.  All  who  have  had  the  good 
fortune  to  join  Mr.  Walker  in  his  geological  excursions  will  feel  the 
keenest  regret  that  they  will  no  more  hear  his  cheery  voice,  or  be 
able  to  share  his  great  enthusiasm  over  the  discovery  of  some  fine 
specimen." 

One  of  his  most  attached  Yorkshire  friends,  Mr.  G.  W.  Lamplu^ 
F.K.S.,  writes: — **  Placidly  and  unobtrusively,  he  stood  aside  to  let 
the  turmoil  pass  him,  and  only  those  who  were  privileged  long  to 
enjoy  his  friendship — to  be  among  whom  I  count  myself  fortunate— 
could  appreciate  the  depth  of  his  knowledge  and  of  his  kindliness. 

^'In  his  palffiontolo<i:ical  studies  his  aim  was  toward  an  ideal 
thoroughness  that  perhaps  is  unattainable,  and  he  was  always  content 
— even,  as  it  seemed  to  nie,  too  couteut^— to  wait  for  conditions  thst 
should  approach  his  ideal.  Thus,  much  work  of  excellent  purport 
that  he  contemj)lated,  and  might  have  done  well,  because  it  could 
not  be  done  ])erfectly  remained  imdone  to  the  end.  Although  his 
collection  of  the  Mesozoic  Brachiopoda — his  favourite  and  lifelong 
study — was  i)robably  tlie  most  extensive  that  has  ever  been  made,  his 
saying  was  always — *  We  want  more  material !  We  must  wait  till 
We  have  sufficient  mateiial ! '  And  it  was  his  philosophical  grasp  of 
the  broader  problems  of  his  subject  that  led  him  to  this  attitude,  and 
not  merely  the  si)iiit  of  the  collector.  The  fundamental  principle  ol 
his  method  found  expressicm  in  his  favourite  dictum :  *  It  would  be 
good  for  palaeontology  if  all  type-specimens  should  be  destroyed!' — 
and  most  workers  who  have  striven  to  follow  the  recent  developments 
of  palccontological  science  will  apprehend  the  truth  that  underlies 
tliis  paradox.  Walker,  firmly  holding  the  evolutionary  idea  to 
which  his  work  had  led  him,  recognized  that  *  the  true  tj'pe  of 
a  species  is  its  centre,  where  the  individuals  are  most  thickly 
clustered  and  most  closoh*  resemble  each  other,*  and  that  *  a  namca 
figured  specimen  is  only  a  fixed  point'  which  may,  or  mav  not, 
happen  to  be  near  or  within  the  central  cluster  of  the  species.  &enoe, 
he  said,  no  single  individual  can  adequately  represent  a  species,  and 
the  so-called  species  based  on  type-specimens  are  of  unequal  value 
and  often  misleading. 
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'•  These  ideas  were  expressed  baldly  and  without  specific  demon- 
stration in  his  brief  paper  *  On  the  Formation  of  a  Species,'  published 
in  the  Geological  Magazine  for  January,  1905  (Dec.  V,  Vol.  II, 
pp.  15—17);  but  no  one  unacquainted  with  the  worker  can  have 
jessed  from  it  how  huge  was  the  store  of  exact  observation  that 
underlay  this  apparently  sporadic  expression  of  opinion. 

•*  Walker's  quiet  enthusiasm  in  a  task  tliat  appealed  to  him  was 
well  exemplified  by  the  manner  in  which  he  followed  up  the  discovery 
of  a  fossiliferous  band  rich  in  Brachiopoda  at  the  top  of  the  Lower 
Greensand  near  Leighton  Buzzard,  which  enlisted  his  attention  five 
years  ago.  During  two  successive  summers  he  spent  many  days  on 
the  spot,  accumulating  material  and  educating  the  workpeople  in  the 
collection  of  specimens.  Not  only  the  quairj-men  but  also  the  children 
of  the  quarrymen  became  his  willing  helpers,  and  will  long  remember 
his  kind  and  generous  presence  among  them.  His  aim  was  to  acquire 
the  whole  of  the  Brachiopoda  that  could  be  obtained  from  the  limited 
oodalar  band  that  yielded  the  fossils,  with  the  idea  that  it  would  give* 
him  the  opportunity  at  last  for  amassing  sufficient  material  to  deal 
adequately  with  the  question  of  *  species  *  and  their  relation  to 
*  varieties.'  Some  preliminary  results  of  his  work  were  published, 
not  very  willingly  on  his  part,  in  our  joint  paper  in  tl>e  Quarterly 
Journal  of  the  Geological  Society  for  May,  1903  (vol.  lix,  pp.  234-265, 
pis.  xvi-xviii),  based  on  a  collection  that  would  have  been  already  too 
large  for  the  patience  of  most  pnlicontologists,  tliough  the  refrain 
to  his  specific  descriptions  in  this  paper  is  still  *the  want  of 
further  material.*  Bis  subsequent  accuraidation  of  the  specimens 
went  steadily  on,  until  he  could  number  them  by  hundreds  or 
thousands,  all  laboriously  cleaned,  measured,  and  sorted,  into  their 
proper  specific  relationship,  readj-  for  the  final  work  to  be  done. 
And,  a  short  time  ago,  when  I  wrote  to  tell  him  that  a  recent  visit  to 
the  section  led  me  to  think  that  the  calcareous  Icnticles  had  Ikhii 
practically  all  removed  in  quarrying,  so  that  h(^  must  not  hope  for 
a  fuller  series  of  the  fossils,  he  replied  cheerily  that  this  could  not  bo 
quite  so,  as  he  had  just  received  a  fresh  parcel  from  the  ([uarrymcn 
that  added  to  our  knowledge. 

**  But  now,  by  the  sad  event  of  his  short  illness  and  untim(?ly  death, 
we  are  reminded  once  more  that  no  single  life  is  long  enougli  for  the 
completion  of  such  work,  and  tliat  fragmontar}-  instalments  alone  are 
possible  to  us.  For  the  task  unfinished  tlicre  is  indoe<l  in  his  case  this 
slight  consolation,  tliat  the  concrete  material  which  he  so  patiently 
collected  and  brought  into  order  lies  ready  for  the  future  student  to 
take  up  the  arrested  work.  ISo  that  not  only  by  what  he  himself 
achieved,  but  also  by  the  achievement  that  he  has  made  possible  for 
the  workers  who  will  follow  him,  the  name  of  John  Francis  Walker 
will  be  remembered  and  honoured. 

•*  The  loss  to  palaeontological  science  is  severe.  But  still  more 
severe  is  the  loss,  to  us  who  knew  him,  of  an  ever-genial,  broai- 
minded,  big-hearted  fiiend." 

Mr.  Linsdall  llichardson  writes  to  the  Editor : — "  To  geologists 
like  myself  Mr.  Walker  was  chiefly  known  as  a  keen  Brachiopodist. 
The  writings  of  the  late  Dr.  Thomas  Davidson^  F.ll.S.,  in  the 
PaUeontographical  Society's  volumes,  show  that  he  was  in  frequent 
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communication  with  that  eminent  palaeontologist.  Of  his  extensiTe 
collections,  that  of  Brachiopoda  was  perhaps  one  of  the  best  in  the 
world.  His  kindness  was  proverbial,  and  he  was  ever  ready,  by  the  gift  of 
specimens  and  the  loan  of  literature,  to  assist  anyone  who  was  working 
at  his  favouiitc  subject,  and  often  took  much  trouble  and  expense  to 
meet  the  requirements  of  his  many  friends  and  correspondents.  At  the 
time  of  his  death  Mr.  "Walker  had  been  a  Fellow  of  the  Geological 
Society  for  forty  years.  His  latest  piece  of  Brachiopod  work,  upon 
which,  indeed,  he  was  elaborating  at  the  time  of  his  death,  rehied 
to  the  Fullers*  Earth  Brachiopoda,  more  especially  to  those  from  the 
Bath-Doulting  district,  and  was  to  have  been  a  joint  communication 
with  the  writer  to  the  Geological  Society."  * 

He  leaves  a  widow  and  one  son,  Mr.  Gelson  Walker,  to  deplore 
his  loss. 

The  following  is  a  list  of  Mr.  J.  F.  Walker's  published  papers: — 

1866.  *'  On  the  Fossils  contained  in  a  Lower  Grecnsand  deposit  of  Phosphatie 

Xodules  in  Bedfordshire"  :  Ann.  Mag.  Nat.  Hist.,  vol.  XTiii, pp.  31-^f 
381-886. 

1867.  "  A  Reply  to  Mr.  H.  G.  Seeley's  Remarks  on  my  account  of  the  Fhosphatic 

Deposit  at  Potton,  in  Bedfordshire  ** :  ibid.,  vol.  xx,  pp.  118-122. 
*'  On  some  new  Coprolite  Workings  in  the  Fens  ** :  Gbol.  ^(ao.,  Vd.  IV, 

pp.  309-310. 
**()u  some  new  Terebratulido)  from  Upware":    Geol.  Mao.,  Vol.  FV, 

pp.  464-466. 

1868.  **  On  a  new  Phosphatic  Deposit  near  Upware,  Cambridgeshire*':  Geol 

Mao.,  Vol.  V,  pp.  26-27. 
'*  On  the  Species  ot  Brachiopoda  which  occur  in  the  Lower  Greensand  at 

Upware"  :  Geol.  Mag.,  Vol.  V,  pp.  399-407. 
''Occurrence   of    Terehratula  (H'aldheimia)  pseudo'jurett$u   (Leymerie)  la 

Enp:laud'' :  Ann.  Mag.  Nat.  Hist.,  x.s.,  vol.  i,  p.  386. 
"  Ou  the  Occurrence  of  the  genus  Anser  in  the  peat  and  gravel  deposits  in 

Camhridgeshire  *'  :  ibid.,  vol.  ii,  p.  388. 
1870.     [Letter  on]  *'  Fo.«sil  lasccts  in  the  Bournemouth  Leaf- Bed  "  :  Geol.  Mag., 

Vol.  VII.  p.  299. 
'' BhunchourlU  from   Bnidford    Clay":    Proc.  Yorks   Xat.  Club,    1869; 

Geol.  Mao.,  Vol.  VII,  p.  299. 
"On    Secondary    Species    of    Brachiopoda*':     Geol.    Mao.,   Vol.  VII, 

\)\^.  660-564. 
1.S76.     "New  British  Brachiopoda  "  :  Geol.  Mao.,  Dec.  II,  Vol.  Ill,  p.  674. 

(With  W.  H.  Hudleston.)     "On  the  Distribution  of  the  Biachiopoda  in 

the  Oolitic  Strata  of  Yorkshire  "  :  Rep.  Yorks  Phil.  Soc.,  pp.  7-12. 
187H.     "On  the  Occurrence  of  Teiebratitla  Mwieri  in  England'*:    Gbol.  1^4G., 

Dec.  II,  Vol.  V,  pp.  552-656. 
1888.     "On  the  Spinose  RhynchoiieUcp  (genus  AcanthothyHs^  d'Orbifirnv)  found  in 

England  '*  (in  conjunction  with  S.  S.  Buckman) :  Yorks  Pnil.  Soc.  Bep. 
"  On  2'erebratula  hmnuata^  Lam.,  from  the  London  Clay  of  Uampshire": 

Yorks  Phil.  Soc.  Rep. 
*'  On  Oolitic  BrachiopcMla  new  to  Yorkshire'* :  Yorks  Phil.  Soc.  Rep. 
1892.     "The  Discovery  of  TerthratuHua  9uh$tr\ata^  Schlotheim,  in  Yorkshire": 

Geol.  Mao*.,  Doc.  Ill,  Vol.  IX,  p.  364. 
"  On  Liassic  Sections  near  Bridport,  Dorsetshire  " :  Geol.  Mao.,  Dec.  Ill, 

Vol.  IX,  pp.  4:17-443. 

"  On  Yorkshire  Thecidea  "  :  Geol.  Mao.,  Dec.  Ill,  Vol.  IX,  p.  548. 
1903.     "On   a   Fossiliterous  Band  at  the    t«>p    of    the  I»wer    Greensand   near 
Leighton  Buzzard,  Bedfordshire  "  :  Quart.  Jonm.  Geol.  Soc.,  vol.  lix, 
pp.  234-265. 
1905.     *•  On  the  Formation  of  a  Species  "  :  Geol.  Mag.,  Dec.  V,  Vol.  II,  pp.  16-17. 

*  See  Abstract  of  Proceedings,  Ge  )1.  So?,  of  London,  June  19,  1907,  ante^  pp.374-6. 
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I. — The   CENTSNABr  of  the   Geoloojcal   Society   op   London. 

N  January  last  tto  referred  to  the  celebrations  in  honour  of  this 
important  event.*  We  have  now  the  pleasure  to  call  attention 
J  the  **  History  of  the  Geological  Society  of  London,"  *  a  work  which 
as  been  written  by  Mr.  Horace  B.  Woodward,  F.R.8.,  F.G.8.,  in 
ommemoration  of  the  Centenary.  Mr.  Woodward  has  had  the  help 
f  Mr.  H.  W.  Monckton,  Treasurer,  who  has  described  the  Medals  of 
lie  Society,  Mr.  R.  S.  Herries,  M.A.,  V.P.,  who  supplies  a  correct 
ersion  of  the  Charter,  and  Professor  E.  J.  Garwood,  M.A.,  Secretary, 
rho  undertook  to  deal  with  illustrations.  Sir  A.  Geikie,  K.C.B., 
'resideut,  Professor  Watts,  F.R.S ,  Secretary,  Professor  Bonney, 
'.K.S.,  and  Dr.  H.  Woodward  have  assisted  by  reading  the  proofs,  but 
ley  are  "not  responsible  for  any  individual  statements"  except 
-here  expressly  acknowledged.  These  and  other  persons  are  duly 
lanked  for  the  help  afforded. 

The  result  of  Mr.  Woodward's  laborious  researches  has  been  the 
roduction  of  a  book  of  the  greatest  possible  interest,  and  one  which 
iiould  be  read,  not  merely  by  the  Fellows  of  the  Geological  Society, 
ut  by  all  geologists  interested  in  the  history  of  their  science.     It  is 

record  of  first-class  importance,  and  is,  on  the  whole,  a  fair  and 
ccurate  account  of  the  events  which  have  occurred  in  the  Geological 
ociety  up  to  1860,  for  the  later  years  are  perhaps  too  fresh  in  the 
lemories  of  many  to  allow  of  that  pleasing  view  obtained  by  distance. 

Opening  with  a  rapid  sketch  of  the  histories  of  academies  and 
earned  societies  before  1 800  and  a  note  on  early  geological  researches 
1  England,  the  author  refers  to  the  Askesian  Society,  which,  founded 
1  1796,  became  the  parent  of  the  British  Mineralogical  Society  in 
799.  Amalgamating  in  1806,  these  two  Societies  apparently  threw 
ff  a  "  Geological  Dinner  Club  "  on  13th  November,  1807,  which  club 
onsisted  of  the  following  thirteen  members: — Arthur  Aikin  (1773- 
854),  William  Allen  (1770-1843),  WiUiam  Babington  (1750-1833), 

*  Arranged  to  take  place  at  Burlington  IIouso,  London,  commencing  on  Thursday, 
eptember  26th,  ana  ending  September  30th,  1907,  under  the  presidency  of 
ir  A.  Geikie,  K.C.B.,  F.R  S. 

•  •*  The  History  of  the  Geological  Society  of  London,"  by  Horace  B.  Woodward, 
'.B.S.  8vo;  pp.  336,  with  23  portraits  and  5  illustrations  of  medals  awanled'by 
le  Society.  (London :  published  by  the  Geological  Society,  Burlington  House, 
AgU8t,  1907.     Price  7«.  Qd. ;  to  Fellows,  6*.) 
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Jacques  Louis  Comte  de  Boumon  (1751-1825),  Humphry  Dan 
(1778-1829),  James  Franck  (-1843),  George  Bellas  Greenough  (1778^ 
1855),  Richard  Knight  (-1844),  James  Laird  (-1840),  James 
Parkmson  (-1824),  William  Hasledine  Pepys  (1775-1856),  Bichaid 
Phillips  (1778-1851),  and  WiUiam  PhiUips  (1773-1828).  It  was 
resolved  at  this  meeting  (particulars  of  which  are  to  be  found  in  the 
first  Minute  Book  of  the  Society) : — 

''That  there  be  forthwith  instituted  a  €^logical  Society,  for  the  purpose  of 
making  geologists  acquainted  with  each  other,  of  stimulating  their  leal,  of 

inducing  them  to  adopt  one  nomenclature,  of  facilitating  the  oommonicaHoii 

of  new  facts,  and  of  ascertaining  what  is  known  in  their  science,  and  what  jet 

remains  to  be  discovered. 
''That  the  gentlemen  present,  with  Mr.  Pepys  and  Mr.  William  Phillips,  who 

have  bMu  prerented  ^m  attending  this  meeting,  be  considered  me  lint 

members  of  the  Geological  Society. 
"  That  henceforth  members  be  chosen  by  ballot.    Any  person  desirous  of  beeomiiiK 

a  member,  having  communicated  his  wish  through  the  SecretMj  to  the 

Society,  without  Ming  proposed  or  recommended  in  any  other  manner,  shall 

be  balloted  for  at  the  next  meeting.    The  election  to  be  unanimous. 
"  That  no  person  resident  in  London  attend  more  than  two  meetings  of  the  Sodetj 

without  becoming  a  member. 
"  That  each  member  shall  be  at  liberty  to  introduce  a  visitor,  under  the  preoediag 

regulation. 
"  That  the  Society  dine  together,  at  the  Freemasons*  Tavern,  on  the  fint  Friday 

of  every  month,  from  November  to  June  inclusive,  at  15«.  per  head,  visiton 

to  pay  as  well  as  members.    Dinner  to  be  on  the  table  at  five  o'clock  preciselj. 

Fine  for  non-attendance  10«.  6d.    Any  member  may  avoid  this  fine  by  oeiidbig 

notice  to  the  Secretary  of  his  Intention  to  be  absent,  three  days  biefore  the 

meeting. 
"  That  at  the  last  meetinc;  in  June  a  subscription  be  raised  to  defray  inddental 

expenses  incurred  bv  the  Treasurer  for  the  purposes  of  the  Society. 
"That  G.  B.  Greonough,  Esq.,  M.P.,  be  treasurer,  and  Dr.  Laird  secretary,  for 

the  ensuing  year. 
*'  That  a  book  be  provided  for  recording  the  minutes  of  the  Society  and  for  the 

insertion,  by  members  and  visitors,  of  any  ^loa^cal  intelligence  that  may  be 

present4Kl.    Every  communication  must  be  signea  by  the  person  who  makes  it. 

'•  (Signed)        G.  B.  Grkbnouoh." 

The  meetings  of  the  Society  and  its  Committees  appear  to  have  been 
held  in  a  room  temporarily  engaged  at  the  Freemasons  Tavern.  The 
Society  thus  began  its  existence  much  in  the  form  of  a  geological 
dining  club,  a  feature  which  gradually  disappeared.  Moreover,  the 
system  of  tines  was  not  a  success,  for  in  June,  1809,  it  was  announced 
that  though  the  fines  amounted  to  £37  16«.,  £6  I6a,  6d.  only  had 
hitherto  been  received. 

On  December  4th,  1807,  the  Right  Hon.  C.  F.  Greville  was  invited 
to  become  the  patron,  Mr.  Greenough  was  elected  the  first  president^ 
and  Mr.  W.  H.  Pepys  became  treasurer.  It  was  also  decided  that  forty- 
two  persons  bo  elected  honorary  members  of  the  Society,  and  theie 
seem  to  have  been  chosen  from  all  parts  of  the  British  Islands,  and  to 
have  included  such  men  as  llichard  Bright  of  Bristol,  Joseph  Came  of 
Penzance,  J.  J.  Conybeare  and  John  Kidd  of  Oxford,  E.  D.  Claire 
and  John  Hailstoue  of  Cambridge,  Robert  Jameson  and  John  Playfair 
of  Edinburgh,  Richard  Kirwan  of  Dublin,  and  others. 

An  extraordinary  omission  occurs  in  this  list  of  names,  that  of 
William  Smith,  and  it  is  recorded  by  John  Phillips  that  Smith  wts 
**  almost    unnoticed,   except    by    visits    from    Mr.   Greenough,  the 
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Mreflident,  Sir  James  Hall,  and  a  few  other  members  to  examine  his 
)QllectionB  in  Bnckingham  Street  (March,  1808)." 

The  first  communications  brought  before  the  Society  were  bj 
ICr«  Knight,  who  recorded  his  results  obtained  from  melting  Kowley 
EUg,  and  by  Count  Boumon,  who  showed  specimens  illustratiTe  of 
bhe  Tarieties  of  compact  felspar. 

Two  Vice-Presidents  were  added  on  January  Ist,  1808,  and  on  the 
lame  day  a  Committee  appointed  to  draw  up  the  regulations  of  the 
Society  presented  its  statement,  which  was  adopted.  As  early  as 
Ipril,  1808,  a  Committee  was  formed  ''to  examine  papers jewmotis/y 
to  their  being  read  to  the  Society,  and  to  take  charge  of  aU  presents 
that  may  be  received." 

The  first  printed  ''List  of  Members  "  bears  date  1808,  and  in  1809 
rooms  were  engaged,  in  the  name  of  Leonard  Homer,  on  the  ground 
Soor  at  No.  4,  Gbtfden  Court,  Temple,  for  the  reception  of  its  cabinet 
md  for  the  meetings  of  the  Committees. 

In  1809  a  "  Plan  for  consolidating  the  Geological  with  the  Boyal 
Society  as  an  Assistant  Society"  was  proposed.  This  plan  seemed 
lot  so  much  an  attempt  at  consolidation  as  at  suppression,  for  it 
iroposes  that  "the  subscribing  members  who  are  Fellows  of  the 
fetoyal  Society  shall  constitute  tiie  first  class  or  Council  of  the 
geological  Society,  and  be  iuTested  with  the  power  of  electing 
members  or  making  byelaws,"  etc.,  while  "the  Boyal  Society  may 
leleot  such  papers  as  it  may  please  to  read  at  its  table  and  to  print  in 
dhe  Philo9ophicai  TYansaetiom^"  and  such  other  papers  may  either  be 
iepofiited  in  the  collection  of  the  Oeological  Society  or  included  in 
iny  publication  which  it  may  think  proper  to  undertake  at  its  own 
diarge.  This  plan  was  very  properly  dismissed  by  resolution  "  That 
lie  propositions  communicated  from  the  Eight  Hon.  Charles  Greville, 
laving  a  direct  tendency  to  render  this  Society  dependent  upon,  and 
lubservient  to,  the  Boyal  Society,  are  inadmissible." 

In  March,  1809,  the  foundation  of  the  present  magnificent  library 
iras  commenced,  and  by  November  the  specimens  in  the  Museum  had 
been  arranged  geographically. 

In  1810  more  extensive  premises  were  obtained  at  3,  Lincoln's  Inn 
Fields ;  in  the  same  year  trustees  were  appointed,  and  it  was  decided 
that  cards  recording  the  dates  of  the  meetings  be  printed  and  sent  to 
Bach  member  prior  to  the  commencement  of  the  session.  A  Council 
WBB  also  formed,  and  held  its  first  meeting  on  July  14th,  1810. 

The  first  volume  of  the  publications  of  the  Society,  called 
TyoHsaetions,  appeared  in  1811,  and  this  and  the  successive  volumes 
lie  remarkable,  not  only  for  the  classical  papers  they  contain,  but  for 
the  wealth  of  illustration.  The  Proceedings  followed  in  1827  as 
ft  method  of  communicating  more  rapidly  to  the  Fellows  the  affairs  of 
the  Society,  and  these  were  incorporated  in  the  well-known  Quarterly 
Jbumalia  1845;  while  the  present  form  of  Abstracts  of  Proceedings 
dates  from  May  20th,  1857,  although  they  have  been  technically 
j^ltMhed  only  since  1905. 

Perhaps  the  most  important  publication  issued  by  the  Society  was 
Qieenoug^'s  "  Geological  Map  of  England."  This  he  commenced  in 
1808,  knowing  quite  well  of  the  existence  of  William  Smith's  map 
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(published  in  1815)  and  being  lai'gely  indebted  to  it  for  the  com- 
pletion of  his  own.  It  cost  £1,300,  of  which  £200  went  to  Webster 
for  drawing,  £111  19«.  ^d,  for  copperplates,  £914  10*.  3rf.  to  Neele 
for  engraving,  and  £73  10«.  for  paper.  It  was  issued  by  Messrs. 
Longman,  Rees,  &  Co.  at  £6  6«.  in  six  sheets  with  a  memoir,  and 
members  were  allowed  to  purchase  it  for  £5  6». 

An  unofficial  dining  club  was  started  in  1824  and  has  existed  to 
the  present  day ;  it  is  limited  to  forty  members,  who  dine  together 
before  proceeding  to  the  meetings.  A  charter  of  incorporation  was 
obtained  from  H.M.  King  George  lY  on  April  23rd,  1825,  and  the 
title  *  Fellow '  became  fixed  by  the  members  being  so  designated  in 
this  document.  This  charter  cost  £385  14*.  6</.,  and  Babbage 
calculated  how  much  the  '  F.G.S.'  cost  each  Fellow  per  letter. 

In  1828  the  Society  obtained  rooms  in  Somerset  House  from  the 
Lords  Commissioners  of  His  Majesty's  Treasury,  through  the  mediation 
of  the  President  and  Council  of  the  Royal  Society,  and  the  apartments 
so  allowed  to  them  were  adapted  to  their  purposes  by  Decimas 
Burton,  who  was  a  Fellow  of  the  Society.  Here  the  Society  remained 
until  1874,  when  the  Government  transferred  the  accommodation  to 
the  present  Burlington  House,  Piccadilly,  where  the  Society,  it  is 
hoped,  has  found  a  permanent  home. 

NV.  H.  Fitton  seems  to  have  been  the  first  president  whose  annual 
address  was  printed,  in  1827,  and  since  that  year,  with  the  single 
exception  of  Warburton,  the  Presidents  have  delivered  an  annual 
address,  dealing  either  with  the  progress  of  the  science,  or,  a  few 
notable  exceptions,  with  some  new  matter  distinguished  by  its 
brilliancy  of  thought  and  its  originality. 

Such,  then,  is  in  brief  the  history  of  the  Geological  Society  of 
London,  so  ably  set  forth  by  Mr.  Woodward  in  this  volume.  But  not 
content  with  this  history,  Mr.  Woodward  has  woven  around  his 
central  stor}"  a  general  sketch  of  English  geology  wherever  and 
whenever  it  comes  in  contact  with  the  Geological  Society.  We  leani 
the  outUnes  of  the  troubles  between  Murchison  and  Sedgwick,  and  the 
extraordinary  action  of  the  Society  with  regard  to  Sedgwick  ;  the 
difl&cultics  with  Beete  Jukes,  and  Searles  Wood,  and  Charles  Moore, 
and  the  troubles  of  the  woman  question.  We  have  presented  to  us  an 
account  of  the  Ordnance  and  Geological  Surveys,  the  colouring  of 
geological  maps,  the  Museum  of  Practical  Geology,  catalogues  of 
fossils,  early  collectors,  and  the  cataloguing  of  geological  literature- 
We  see  the  figures  of  the  old  giants  rise  before  us,  and  meet  again 
with  Lyell,  Macculloch,  Phillips,  Mantell,  Scrope,  'King*  Cole, 
De  la  Beche,  and  scores  of  others,  of  whom  many  anecdotes  art 
recorded,  and  of  some  of  whom  excellent  portraits  are  given.  Ve 
read  afresh  the  old  discussion  on  Buckland's  famous  memoir  on  the 
Evidences  of  Glaciers  in  Scotland,  based  on  Agassiz'  observations;  ve 
hear  that  caustic  remark  of  Owen  when  he  referred  to  Falconer  as 
*'  that  distinguished  botanist "  ;  and  we  long  to  possess  that  letter  of 
Sedgwick's  addressed  to  Murchison  in  1853  which  ended  "Ever 
(whether  in  peace  or  war)  your  affectionate  old  friend,  A.  Sedgwick.'' 
We  attempt  to  picture  the  size  of  John  Miller,  who  had  to  make 
a  rush  for  the  door  of  the  four-wheeler  in  order  to  get  through ;  we 
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bear  the  chuckle  of  Professor  Lap  worth  when  he  had  written  "  The 
Secret  of  the  Hif^hlands  " ;  and  we  decide  not  to  devote  ourselves  to 
rock  classifications. 

So  far  as  this  history  is  concerned  it  is  fairly  fully  dealt  with  up  to 
1860,  hut  after  that  date  exigencies  of  space  and  other  considerations 
have  necessitated  brief  treatment.  The  volume  has  a  good  coloured 
reproduction  of  Buckland,  carrying  his  well-known  bag,  for  frontis- 
piece;  while  portraits  are  given  of  Babington,  Greenough,  William 
Phillips,  Macculloch,  W.  D.  Conybeare,  Sedgwick,  Murchison,  Fitton, 
Scrope,  Lyell,  William  Smith,  De  la  Beche,  Uodwin-Austen,  Jolin 
Phillips,  Mantell,  Falconer,  E.  Forbes,  Prestwich,  Jukes,  Kamsay, 
Blanford,  and  A.  Qeikie.  Most  of  these  arc  excellent,  but  what  effect 
John  Phillips  would  now  make  if  he  marched  down  Piccadilly  in  those 
trousers  it  is  difficult  to  imagine.  lUnstrations  of  all  the  medals 
awarded  by  the  Society  are  given,  and  the  volume  closes  with  lists  of 
the  early  members, '  lists  of  the  staff,  and  others,  and  an  efficient 
index.  It  reflects  high  credit  on  the  author,  and  on  the  Society.  We 
thank  both,  and  congratulate  Mr.  Woodward  on  a  labour  of  love 
happily  conceived  and  admirably  carried  out. — S. 


II. — NoTB    ox    Xwo    Rabe    Forms    op    Actinocamax    from    the 

English  Uppkb  Chalk. 

By  G.  C.  Cbick,  A.B.S.M.,  F.G.S.,  of  the  British  Miweum  (Natural  History). 

rilHE  present  note  relates  to  two  specimens.  One  was  obtained  by 
X  Mr.  G.  E.  Dibley,  F.Q.S.,  from  the  Mierait&r  car-anguinum 
Eone  of  the  Chalk  at  Gravcsend,  and  now  forms  part  of  the  British 
Museum  collection  (register  number  C.  10576) ;  the  other  is  in  the 
collection  of  Dr.  H.  P.  Blackmore,  F.G.S.,  of  Salisbury  (to  whom 
I  am  indebted  for  the  loan  of  the  fossil),  and  was  obtained  from  West 
Hamham,  neai*  Salisbury,  at  the  base  of  the  zone  of  Aetinooamax 
quadratus.  Being  the  more  neai'ly  perfect,  the  Salisbury  specimen  is 
described  first. 

ACTINOCAMAX   BlACKMOUKI,    U.Sp. 

.  Description. — The  specimen  (Fig.  1),  which  is  almost  perfect,  is 
94  mm.  long,  and  has  a  smooth  sui-fuce ;  it  is  fusiform,  and  has  its 
greatest  thickness  at  a  point  which  is  a  little  nearer  the  posterior  than 
Qie  anterior  end.  Here  the  guard  is  depressed,  its  dorso-ventral  and 
transverse  diameters  being  13*75  and  15  mm.  respectively.  From  this 
point  the  guard  tapers  evenly  and  slowly  towards  the  anterior  end, 
and  evenly  and  slowly  towards  the  posterior  end,  but  shortly  before 
the  extremity  is  reached  it  contracts  somewhat  rapidly,  and  forms 
a  fairly  acute,  almost  mucronated  point ;  the  extreme  tip,  however,  is 
wanting.  Sponge-borings  can  be  plainly  seen  beneath  the  surface. 
Viewed  laterally  the  ventral  and  dorsal  surfaces  of  the  anterior  three- 
fifths  of  the  guard  are  nearly  parallel,  the  dorsal  surface  in  this  view 
n>pearing  to  be  nearly  straight  and  the  ventral  feebly  swollen. 
Whilst  the  greater  part  of  the  guard  is  depressed,  the  anterior  fifth  is 
decidedly  compressed.  The  truncated  anterior  surface  is  flat  and  almost 
at  right-angles  to  the  axis  of  the  guard ;  it  is  oval,  its  ventre -dorsal 
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and  traxurrene  diameten  bebg  11*6  and  10-6  mm.  rMpecti\rfy,  the 
greatest  widtk  being  a  little  nearer  tiie  Taitral  than  tiie  dond 
surface.  There  are  no  traces  either  of  a  ventral  ftHRm  or  of  tke 
alveolua.  The  dorso-lateial  giDOTOB  aie  well-pireaeined ;  at  tiie 
anterior  end  of  the  fossil  they  are  ntiier  lno«dy  ^Mtmiffd^  Terr 
slightly  concave,  about  6mm.  apart,  and  each  about  4mm.  wide; 
proceeding  from  this  end  eadi  narrows  rather  n^idly  tnr  about 
28  mm^  being  then  only  about  2  mm.  wide ;  tiie  two  gnwiea  sepaiats 
rather  quickly  from  each  other  for  about  one-haJf  tl^  length  of  tlie 
specimen ;  they  axe  tiien  continued  neaiiy  paraUel  to  each  oflier  over 
another  fourth  of  the  length  of  tiie  guiiid,  when  tbmj  gndnally 
disappear. 
2£0atur$m4nU. 


I  omiciifl  •••  ••*  ••«  ••.  ...  ...  ..a      y^ 

Dono-Tentral  diameter  at  tha  moat  inflated  part 13-75 

Transvene  diameter  at  ditto  15 

Dof8o-T0Dtral  diameter  ail  aoteikir  esd     11-5 

Tranarene  diameter  at  ditto  10-5 

Affinities  and  differene$%, — In  a  doraal'aspeet  the  speeimmi  bean 
some  resemblance  to  M.  Janet's  figure  (fig.  5a)  of  the  dorsal  surface 
of  Aetinocamax  Alfridi^^  but  that  species  is  more  lanceolate  and  has 
the  posterior  portion  of  its  guard  less  inflated  than  the  preeest 
specimen;  whilst  in  a  lateral  aspect  the  anterior  half  of  the  guard 
of  this  specimen  tapers  less  rapidly  than  in  that  species.  OonqMred 
with  M.  Janet*8  figures  of  Aetinocamax   €hrou9uor$i^  the  present 

*  Boll.  Soc  g^.  France,  a^r.  in,  torn,  xlx.  No.  9  (Hot.,  18S1),  pp.  720,  7'21. 
pL  xiT,  fig.  5,  and  text-fig.  4.  M.  Janet  does  not  give  toe  dimeftiioiiB  of  the  nnfrfe 
specimen  upon  which  he  hased  the  npeciea,  but,  tal^  from  hia  figorea,  they  are  u 
follows :  —  Length,  96  mm.  ;  dorso-ventral  diameter  at  the  moet  inflated  ptfti 
14  mm.;  transverse  diameter  at  ditto,  15  mm.;  doxvo-rentral  diameter  at  the 
narrowest  part,  which  is  at  about  the  level  of  the  ovisac,  9  mm. ;  tranavene  diameter 
at  ditto,  8  mm. 

>  Bull.  Soc.  g^I.  France,  for.  m,  tom.  xii.  No.  9  (Nov.,  1891),  pp.  716-719, 

SI.  liv,  figs.  1-3,  and  text-figs.  2,  3.     For  the  sake  of  comparison  win  tiie  fona* 
escribed  in  the  present  paper,  the  dimensions  of  M.  Janet's  co- types  of  Aetimccamtx 
Grostoutrei  are  here  given : — 

Length  in  millimetres     ...         ...         ...         ...         ...         ... 

Dorso-ventral  diameter  at  the  most  inflated  part         

Transverse  diameter  at  the  most  inflated  part 

Dorso-ventral  diameter  at  the  narrowest  part,  nearly  at  the  level 

of  the  ovisac .. . 
Transverse  diameter  at  the  same  place 

To  this  species  M.  de  Grossouvre  (**Reoherche8  sur  la  craie  anpftneore,"  vt  i» 
fasc.  2,  1901,  pp.  796  and  801)  refers  the  unique  specimen  which  If.  Jaa^ 
described  and  figured  in  the  same  paper  (ibid.,  pp.  719,  720,  pi.  xiv,  fig.  4,  and 
text-fig.  1)  as  Aetinoeainax  Tuucasi,  the  two  forms  being,  aocoidmg  to  M.  de 
Groseouvre,  extreme  modifications  of  the  same  type  and  connected  by  a  mmiber  d 
intermediate  links.  The  dimensions  of  the  holotype  of  M.  Janet's  A,  TYiimri  aie  :^ 
Length,  90  mm.;  dorso-ventral  diameter  at  the  most  inflated  part^  12  mm.; 
transverse  diameter  at  the  most  inflated  part,  17  mm. ;  dorso-ventral  niamat^r  at  tha 
narrowest  part  at  the  alveolar  extremity,  5  mm. ;  transverse  diameter  at  the  aamt 
place,  6  mm.  Both  forms  occur  at  the  same  horixon  as  Aetinoetmua  frmmimtnt  md 
Actinoeamax  Vfrut;  in  France  in  strata  which  French  authors  ragard  m  Upftf 
Santonian  and  Lower  Campanian  (M.  de  Groseouvre,  loc  dt.).  It  ia  iiitwiiflng,  Id 
note  that  two  similar  modifications  of  this  species  have  been  recorded  (ae^^dti 
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tfac  original  of  those  figures;  the  compressed  form  of  the  alveolar 
end  of  the  present  example  serves,  however,  to  distinguish  it  from 
Actinocamax  Grossouvrei,  The  fossil  appears  to  be  intermediate 
between  Actinocamax  Alfridi  and  Actinocamax  Grossourrei,  but  it 
does  not  appear  to  be  identical  with  any  described  form  of  the  genus. 
The  present  writer  has  therefore  great  pleasure  in  naming  the  species 
after  Dr.  H.  P.  Blackmore,  F.G.S..  of  Salisbury. 

Horizon  and  locality. — Dr.  Blackmore' s  specimen  was  obtained  from 
the  chalk-pit  at  West  Hamham,  near  Salisbury,  at  the  base  of  the 
zone  of  Actinocamax  quadratus.  It  is  from  a  somewhat  higher 
horizon  than  the  Gravesend  specimen  which  is  described  below. 

ACTIKOCAMAX   sp. 

De8cripti4m. — The  specimen  (Fig.  2)  consists  of  about  two-thirds  of 
the  length  of  the  guard,  the  posterior  third  being  entirely  wanting. 

The  anterior  end  is  much  fractured,  especially  on  the  ventral  side, 
so  that  there  is  no  trace  of  a  ventral  fissure  if  such  existed,  but 
a  small  piece  of  the  dorsal  part  of  the  alveolar  border  is  preserved; 
this  seems  to  show  that  originally  the  alveolar  end  was  only  slightly 
excavated;  before  being  imbedded  in  the  chalk  mud,  however,  this 
end  was  somewhat  deeply  excavated,  but  this  excavation  evidently 
did  not  form  part  of  the  original  alveolar  end,  as  is  clearly  shown  by 
the  angle  at  which  the  side  of  this  cavity  meets  the  small  piece  of 
the  smooth  original  alveolar  surface  which  is  preserved.  The  sides 
of  this  canty  are  also  very  in-egular  and  covered  with  small  pyramidal 
masses  of  u  fibrous  crystalline  material  (calcite),  so  that  it  is  quite  clear 
that  they  did  not  constitute  the  sides  of  the  alveolus,*  these  latter  being 
smooth  and  having  precisely  the  same  angle  of  inclination  as  the 
sides  of  the  phragmocone.  Nor  does  the  cavity  appear  to  have 
been  that  not  infrequently  produced  in  some  forms  of  Actinocamax 
owing  to  the  decay,  after  the  death  of  the  animal,  of  the  uncalcified 
portion  of  the  guard  immediately  surrounding  the  phragmocone.* 
Doubtless  the  central  portion  of  this  end  of  the  guard  was  very 
imperfectly  calcified,  and  was  therefore  easily  disintegrated  after 
the  guard  became  detached  from  the  animal.  That  the  guard  was 
exposed  to  the  action  of  the  sea  for  some  time  after  the  death  of  the 
creature  is  clear  from  the  numerous  sponge-borings  by  which  it  is 
traversed.  Owing  to  the  fractured  condition  of  the  anterior  end. 
the  dimensions  of  this  part  of  the  guard  can  best  be  taken  at  about 
10  ram.  below  the  alveolar  border;  here  the  transverse  section  of  the 
guard  is  oval,  the  ventro-dorsal  and  transverse  diameters  being  12 
and  10*5  mm.  respectively,  and  the  greatest  width  at  a  distance  of 
about  one-third  of  the  ventro-dorsal  diameter  from  the  ventral  surface. 

*  The  torra  '  alveolus '  is  frequently  somewhat  loosely  apphed.  The  *  alveolus  *  i* 
really  the  conical  cavity  at  the  proximal  end  of  the  guard  of  a  typical  Belenmite  into 
which  the  phrajpuocone*  titij.  Usually,  however,  m  the  genus  ActiHoettmux  the 
portion  of  the  <^uiird'  immediately  in  contiiet  with  the  sides  of  the  phragmocone  wv 
not  calcified,  and  during  fossilisation  was  destroyed ;  when,  therefore,  a  ooaictl 
cavity  is  preserved  in  the  genus  its  8ides  are  not  those  of  the  *  alveolus,'  but  those  of 
a  cavity  havin*^  a  «?reater  angle  than  the  *  alveolus.* 

^  See  figures  ot  the  alveolar  end  of  various  forms  of  Actinocamax  in  the  Gbol. 
.Mao.,  1904,  p.  409. 
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The  posterior  end  is  abruptly  truncated  at  right  angles  to  the  axis 
of  the  guard,  its  ventro-dorsal  and  transverse  diameters  being  10 
and  12-5  mm.  respectively.  The  most  inflated  part  of  tlie  guard  is  at 
a  distance  of  64  mm.  from  the  alveolar  extremitv,  and  therefore  only 
about  16mm.  from  the  posterior  truncated  end;  the  ventro-dorsal  and 
transverse  diameters  here  are  12  and  13*5  mm.  respectively.  It 
will  thus  be  seen  that  in  a  ventral  aspect  the  fossil  has  its  gi'eatest 
diameter  at  a  point  about  three-fourths  of  its  length  from  the  alveolar 
end,  and  that  from  this  point  it  tapers  rather  rajudly  towanls  the 
alveolar  end,  but  in  the  opposite  direction  only  very  slightly  between 
this  point  and  its  posterior  truncated  end;  whilst  in  a  lateral  aspect 
the  dorsal  and  ventral  surfaces  are  as  nearly  as  possible  parallel  to 
each  other.  Anteriorly  the  fossil  is  compressed,  whilst  posteriorly  it 
is  depressed.  The  dorso-lateral  grooves  are  well  marked,  and  at 
about  6  mm.  below  the  alveolar  border  are  only  about  3  mm.  apart ; 
in  passing  backwards  they  separate  rather  rapidly  from  each  other 
until  reaching  the  most  inflated  part  of  the  guard,  when  they  con- 
verge sUghtly  over  the  rest  of  the  specimen.  Anteriorly  each  groove 
is  fiatteneci,  broad,  with  its  lateral  boundary  obscurely  defined,  and 
decreases  in  width  rather  rapidly  until  repching  the  most  inflated  part 
of  the  guard,  where  it  becomes  relatively  narrow  (about  2  ram.  wide) 
and  parallel-sided.  The  ventral  surface  of  the  posterior  half  of  the 
guard  is  flattened,  llie  surface  of  the  guard  is  smooth,  but  on  the 
ventral  portion  of  the  most  inflated  part  of  the  guard  it  is  somewhat 
uneven,  suggesting  that  here  there  is  a  slight  deformation. 

Certain  grooves  and  sharply-incised  lines  near  the  posterior  end  of 
the  ^uard  are  evidently  the  marks  of  injury.  Thus,  on  tlie  ventral 
surface  and  towards  the  right  side  (see  Fig.  2,  A),  and  liaving  its 
median  line  about  4  mm.  from  the  posterior  end,  there  is  a  transverse 
roughened  groove  about  7  mm.  long  and  4  mm.  wide,  as  if  produced  by 
a  serrated  edge.  Also,  on  the  right  side  and  near  the  dorsal  surface. 
there  is  another  similar  groove  (see  Fig.  2,  D),  about  7  mm.  long, 
2  mm.  wide,  and  2  mm.  from  the  posterior  end,  whilst  at  some  3  mm. 
above  this  there  is  a  shallower  and  much  less  regular  groove  of  about 
the  same  length.  Again,  on  the  left  side  (see  Fig.  2,  C)  and  near 
the  dorsal  area,  the  surface  extending  upwards  from  almost  close  to 
the  posterior  fractured  end  for  a  distance  of  about  11  mm.,  and  over 
a  width  of  about  10  mm.,  bears  a  numb(;r  of  short,  irregular,  finely- 
incised  lines. 

As  already  stated,  the  fossil  is  imperfect  at  each  end ;  tlie  fracture 
at  the  alveolar  end  is  comparatively  recent,  and  was  probably  produced 
during,  or  possibly  subsequent  to,  the  extraction  of  the  specimen  from 
the  rock.  The  fracture  at  the  posterior  end  seems,  however,  to  have 
been  produced  before  the  specimen  was  imbedded  in  the  chalk,  and 
most  probably  at  the  death  of  the  animal.  The  marks  near  the 
posterior  end  that  have  been  alluded  to  above  seem  to  have  been 
caused  by  the  teeth  of  some  animal,  an  enemy  of  the  Belemnite,  the 
saw-like  cuts  being  produced  by  two  adjacent  teeth,  and  the  sharply - 
incised  lines  by  the  point  of  the  tooth  placed  in  opposition  to  these 
two,  lor  it  is  to  be  observed  that  the  sharply-incised  lines  are  as 
nearly  as  possible  opposite  the  space  between  the  two  .series  of  jagged 
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saw -like  cuts.  As  these  marks  are  not  quite  at  the  eKtremity  of  Sic 
specimen,  the  guon-1  Joes  not  Bppeor  to  hove  been  bitten  throng^,  bat 
rather  to  have  broken  off  short  during  the  ficlemnite'^  straggle*  to 
escape.  That  the  animal  did  not  long  survive  the  tDJury  seem* 
evident  from  the  fact  that  the  edges  of  the  fractured  surface  are  »&\ 
fairlj-  sharp ;  had  the  creature  lived  long  after  the  guard  was  fractured 
these  edges  would  doubtless  have  been  more  or  less  rounded  off  1^  It? 
more  or  less  enveloping  mantle. 
Mtaturewentt. 

Lengtli        ...        ,„  70+ 

Doisi^vcBlf&l  diuniiter  at  Ui«  moat  mflatod  put       12 

TnLoaierBt  diBmeUi  at  ditto  13-S 

Dorsii-rtntral  tUaiDBter  near  anfmur  end  ...     12 

Tmnnveme  dismeter  nesr  ditto JO'B 

AJinilifs  and  d-ffermei: — lo  a  dorsal  aspect  the  spediiiea  agrei» 
fairly  well  with  M.  Janet's  figure  (fig.  5a)  of  the  doreal  surface  of 
Actinocamax  A/fridt',^  but  in  a  lateral  aspect  the  dorsal  and  ventral 
Hurfueea  ore  much  more  nearly  porallel  tbua  are  indicated  in  that 
author's  tig.  5c.  Again,  the  transverse  section  at  the  most  inflated. 
part  of  the  guard  is  markedly  depressed  and  not  so  nearly  circolu' 
as  in  Aeiinocaniax  Alfridi.  The  depressed  form  of  the  transTerfe 
section  of  the  posterior  part  of  the  guard  agrees  more  closely  with 
M.  Janet's  figures  of  Actinocamax  Grououtrci,'  but  the  gnard  in 
that  species  is  not  so  lanceolate,  and  has  its  anterior  end  depressed 
instead  of  compressed ;  further,  in  a  lateral  aspect  its  alveolar  end 
tapers  much  more  ropidly  than  that  of  the  present  specimen.  Like 
the  fonu  described  above,  the  present  specimen  seems  to  be  inter- 
mediate between  Aetinoeamax  AlfrM  and  A.  Qrottowrni  and  it 
also  is  not  identical  with  any  described  form  of  the  genns  known 
to  the  present  writer.  Compared  with  Aeiiwtoamax  BlachMrei 
described  above,  the  present  example  exhibits  several  difference*, 
which  may  or  may  not  prove  to  be  of  importance.  Hie  specimen 
is  more  slender,  and  when  viewed  ventially  is  relatively  lot 
inflated  at  its  broadest  part;  its  ventral  surface  is  fl&tt»;  the 
transverse  section  at  its  broadest  part  is  relatively  man  depr»sed; 
and,  in  a  lateral  view,  this  specimen  tapers  evenly  and  slowly  from 
the  anterior  end  backwards,  whilst  in  the  same  aspect  A.  BUxtmeni 
is  a  little  inflated  at  about  the  middle  of  the  guard.  Owing  to  it* 
imperfection  the  writer,  however,  has  not  ventured  to  name  this  ftwil. 
Iloriaen  and  locality. — This  specimen  was  obtained  bj  Mr.  Q.  £■ 
Dibley,  F.U.S.,  from  the  JUicratler  eor-anptinum  zone  of  the  CbtH 
in  jUessrs.  Fletcher  &  Co.'s  pit  at  Gravesend.  It  is  the  Bpednten 
which,  in  his  paper  "On  the  Zonal  Featares  of  the  Chalk-iots  in 
the  Rochester,  Gravesend,  and  Croydon  Areas,"  Ur.  DiUey  recoida' 
from  this  pit  as  Aetinocamax,  n.sp. ;  amongst  other  foanb  neoidei 
from  the  same  pit  being  Actinocamax  tertu  and  Aetineetmtax  Xtrufi 

>  BulL  Soc.  geol.  Fiance,  ait.  lit,  torn,  xiz,  No.  S  (Kov.,  1891),  pp.  710,  711. 
pi.  lir,  fig.  5,  and  teit-fiff.  4. 

I  Ibid.,  pp.  716-719,  pi.  iir,  Ggs.  1-3,  and  text-figi.  2,  3. 
'  Proc.  Geol.  Awoc,  toI.  iti,  pt.  9  (August,  IMO),  p.  195. 
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{^  Aetinceamax  0ratailatw)\.  Thus  from  tlie  list  of  associated  fossils 
it  irill  be  seen  that  this  specimflii  occurs  at  the  same  torizanjas 
Aetinoeamax  Qrouatarei. 


PlO.  2. — ACTIKOCAMAX  Sp. 


A. — Tentral  aspect,  ■howing  one  of  ths  jagged  aaw-like  cuts  near  the  posterior  end. 
B. — DoraiJ  Mpeet,  sbowing  the  doiso-laterS  grootea,  and  'erf  imperfecllj  near  the 

potteries'  end  two  jagged  MW'Iike  mta  ou  the  right.     Tbere  tie  a  nuicber  of 

irregaliir  eh ar^lj- incited  lines  on  the  left  near  the  posterior  end,  but  these 

do  not  upeai  in  the  Figure. 
C, — Loft  lateral  aapact.    The  irregular  sharply- incised  lines  iLeai  the  poateiior  end 

seen  in  this  view  are  sdrcelj'  lisihle  in  the  Figure. 
D. — Bight  lateral  ameet,  showing  jagged  saw-hke  cuts  near  the  posteiior  end,  tvo 

OD  the  leftauotMon  the  n^t. 
B. — View  of  the  truncated  posterior  end :  d,  dorsal ;  i',  Tcntral. 
F. — Sectional  view  neai  alveolar  eud :  i,  dorsal ;  r,  ventml. 

All  the  Bgnres  are  of  about  the  natoral  «iie. 
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III. — Sedgwick  Museum  Notes. 

A  Xew  Species  of  Lichas, 

By  F.  R.  CowpER  Reed,  M.A.,  F.G.S. 

(PLATE  XYII.) 

Lichas  (Komolichas)  hklmbrbiensis,  sp.  nov. 

IT  is  rarely  the  case  that  we  find  coinplete  individuals  of  any  species 
of  Lichai^  especially  in  the  Ordovician  rocks,  but  several  entire 
specimens  belonging  to  a  new  British  species  have  been  recentlr 
collected  by  Mr.  V.  M.  Tumbull  from  the  Dufton  Shales  near 
Melmerby,  and  detached  head  shields,  pygidia,  and  hypostomes  from 
the  same  locality  and  horizon  are  not  uncommon.  Since  most  species 
of  Lichas  have  been  founded  on  detached  and  isolated  portions  of  the 
body,  it  is  desirable  to  give  a  somewhat  full  description  of  this  new 
form,  which  belongs  to  a  group  of  the  genus  not  previously  recognised 
with  certainty  in  the  British  Isles. 

Description, — Body  oval,  flattened,  narrowing  somewhat  posteriorly, 
about  two-thirds  as  wide  as  long.  Head-shield  broadly  transverse 
and  semilunatc,  measuring  about  2)-  times  as  wide  as  long;  lateral 
angles  produced  backwards  and  overlapping  outer  portions  of  the  first 
4  or  5  thoracic  pleurse ;  median  portion  of  head-shield  projecting 
abruptly,  interrupting  regularity  of  anterior  curved  outline  at  anterior 
lateral  angles  of  glabella. 

Glabella,  fixed  cheeks,  and  inner  portion  of  free  cheeks  form 
prominent  swollen  central  mass,  raised  high  above  flattened  outer 
portion  of  free  cheeks,  which  are  much  produced  backwards  into 
large  pointed  genal  angles  and  extend  nearly  to  the  middle  of  the 
thorax. 

Glabella  somewhat  oblong  in  shape,  rather  longer  than  wide,  the 
axial  furrows  being  subparallel  with  a  slight  outward  concavitv. 
The  glabella  is  curved  down  more  or  less  strongly  in  front  of  its 
middle,  but  is  flattened  from  side  to  side.  It  consists  of  a  median 
lobe  with  a  long  narrow  neck,  and  is  completely  defined  by  the 
backward  prolongation  of  the  first  lateral  furrows  to  the  occipital 
furrow,  as  in  tj'pical  members  of  the  section  Ilomolichas.  The  meilian 
lobe  has  a  frontal  width  equal  to  more  than  twice  the  width  of  the 
neck,  and  the  triangular  lateral  angles  completely  extend  in  front  of 
and'  overlap  the  anterior  ends  of  the  tricomposite  lateral  lobes. 
A  slight  widening  of  the  neck  of  the  median  lobe  takes  place  towards 
its  base,  owing  to  the  divergence  posteriorly  of  the  prolonged  first 
lateral  furrows,  but  the  median  portion  of  the  neck  has  nearly  parallel 
sides. 

Tiicomposite  lateral  lobes  elongated  -  oval,  somewhat  pointed 
antoriorlv,  slif^htlv  curved  outwai-ds  in  front  and  less  so  at  their 
\k\?>q,  towards  which  they  narrow  a  little,  but  their  axes  arc  nearly 
I)arallel.  Their  base  is  rather  abruptly  truncated  by  the  strong 
fuiTows  which  cut  off  the  pair  of  rather  large  triangular  or  sub- 
rhomboidal  occipital  lobes,  and  are  regarded  as  the  ilisplaced  lateral 
portions  of  the  occipital  furrow.  These  occipital  lobes  are  completely 
circumscribed,  but  are  rather  less  swollen  than  the  lateral  lobes  of  the 
glabella. 
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First  lateral  fuiron's  of  uniform  strength  for  their  whole  length  and 
ompletelf  marking  off  the  median  lobe  of  the  i^kbclla;  they  converge 
it  first  strongly  inwards,  then  oiiri-e  backwards  and  run  almost 
)arallel  on  each  Bide  of  the  neck,  curving  again  a  little  outwarda 
Ktore  meeting  the  occipital  furrow,  which  they  do  at  an  angle  of 
ibout  70°  or  rather  less,  The  asiul  furrows  curve  gently  outwanls 
'ound  the  front  end  of  the  lateral  lobes,  then  bend  slightly  inwards, 
lescribing  a  weak  concave  curve  in  their  course  to  the  occipital 
obes,  outside  which  they  bend  strongly  outwards. 

The  occipital  furrow  consists  of  a  median  straight  portion  at  the 
lose  of  the  median  lobe  of  the  f;labella,  and  the  paired  lateral  portions 
lisplaccd  rather  forwards,  wliich  enter  the  axial  furrow  at  right 
mgles.  The  occipital  ring  is  broud,  dattoned,  and  somewhat  arched 
forwards,  with  the  two  obUque  lateral  furrows  cutting  off  the  occipital 
obes ;  there  is  no  distinct  median  tubercle. 


Fixed  cheeks  small,  rcnifonn,  convex,  about  half  the  length  of  the 
glabella,  and  about  two-thirds  the  width  of  the  lateral  lobes,  along 
which  they  extend  to  a  point  rather  in  front  ot  their  middle.  Tho 
posterior  part  of  the  fised  cheek  bends  strongly  outwarda  behind  tho 
eye,  and  extends  for  less  than  half  the  distance  between  tho  asiul 
furrow  and  tho  lateral  margin  of  the  head-shield.  The  eye-loba  is 
datteDed  and  separated  off  by  u  distinct  shallow  furrow,  which  ia 
weakly  aogulated  in  the  middle. 

Free  cheeks  consisting  of  an  inner  swollen  portion,  which  rises  up 
suddenly  almost  to  the  level  of  the  glabella  and  nearly  overhangs  the 
front  margin,  and  of  an  outer  lateral  portion,  which  is  depressed, 
weakly  convex,  and  triangular,  and  is  prolonged  backwards  into  the 
Urge  pointed  genal  angles.  Kyes  semilunate,  narrow,  about  one-third 
the  length  of  the  glabella,  and  are  supportetl  on  the  swollen  portion 
of  free  cheeks. 
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The  head-shield  is  ornamented  with  rather  widely  spaced,  roand 
tubercles,  of  moderate  and  fairly  uniform  size,  between  which  lie 
scattered  smaller  secondary  and  tertiary  ones  without  any  legoltf 
arrangement  and  usually  at  some  distance  apart. 

Thorax  of  eleven  segments,  not  decreasing  much  in  width  poatezioilf. 
The  axis,  howeyer,  which  is  strongly  convex  and  prominent^  is 
conical  in  shape,  tapering  rather  rapidly  towards  the  pygidium  to 
half  its  anterior  diameter.  The  ornamentation  of  the  axis  oonsute 
of  small  sharp  tubercles  of  fairly  equal  size,  not  closely  placed  lor 
regularly  disposed,  with  a  few  smaller  ones  interspersed.  The  axial 
furrows  are  strong. 

The  pleurss  are  of  uniform  size  and  overlap  slightly ;  their  inner 
half  is  arched  up  gently,  while  their  outer  half  bends  down  sli^ifly 
and  curves  backward  to  end  in  a  falcate  point.  Each  pleura  beus  oo 
its  feebly  convex  surface  a  well-marked  submedian  and  sli^jhitlj 
diagonal  furrow,  which  dies  out  shortly  before  reaching  the  point 
The  tubercles,  which  are  like  those  on  the  axis,  are  usually  arran^ 
in  a  single  row  of  widely  spaced  primary  ones  alternating  inth 
a  double  row  of  secondary  or  tertiary  ones  along  each  side  of  the 
diagonal  furrow. 

Pygidium  of  rather  a  transverse  shape,  not  quite  twice  as  broad  as 
long,  with  a  convex  axis  of  less  than  one-fourth  the  total  width  and 
lateral  lobes  composed  of  two  pairs  of  complete  pleurs  ending  in  free 
marginal  points,  and  of  one  incomplete  pair  followed  by  a  median 
postaxial  piece.  The  ends  of  the  third  pair  of  pleune  form  a  pair  of 
short  blunt  projections,  closely  placed,  and  give  a  bifurcate  posterior 
termination  to  the  pygidium.  The  axis  is  prominent,  convex,  and 
subcylindrical ;  the  strong  axial  furrows  scarcely  converge  at  aU 
posteriorly  and  are  prolonged  with  undiminished  strength  nearly  as 
far  behind  it,  but  do  not  reach  the  posterior  margin.  The  axis 
extends  for  about  half  the  length  of  the  pygidium,  and  its  convexity 
is  continued  into  the  anterior  portion  of  the  post-axial  piece,  dying 
out  rather  suddenly.  A  weak  curved  furrow  (sometimes  interrupted 
in  the  middle)  crosses  over  this  median  convexity  and  delines  the  axis 
behind,  tlie  axial  furrows  bending  in  slightly  at  this  point  on  each 
side.  There  are  2  to  3  complete  well-marked  rings  on  the  front  end 
of  the  axis  followed  by  traces  of  1  to  2  fainter  incomplete  rings. 
Each  pleura  of  the  first  pair  on  the  lateral  lobes  has  a  subfalcate 
shape  and  is  curved  gently  backwards  beyond  the  weak  fulcrum, 
endinp:  in  a  short  free  recurved  point ;  a  submedian  diagonal  furrow 
traverses  about  two-thirds  of  its  length,  and  is  inclined  at  about  15" 
to  the  front  edge  of  the  pygidium. 

The  second  pleura  is  separated  from  the  first  by  a  slightly  sinuous 
furrow  nearly  parallel  to  the  diagonal  furrow  of  the  first  pleura. 
This  pleura  is  more  leaf-sliaped  and  has  a  narrow  base ;  its  end  forms 
a  short  recurved  free  point  like  the  first,  and  its  surface  bears 
a  diagonal  furrow  nearer  the  anterior  than  the  posterior  margin  of 
the  pleura  and  parallel  to  the  first  interpleural  furrow.  The  inter- 
pleural furrow  between  the  second  and  third  pleura  makes  an  angle  of 
about  45^  with  the  axial  furrow.  As  stated  above,  the  third  pleun 
is   incomplete,   not  being  marked  ofl?  from  the  post-axial  piece  by 
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A  complete  furrow  to  the  margin.  This  pleura  is  broad  and  triangular, 
and  bears  a  submedian  furrow  on  its  surface  curving  round  inwards 
towards  the  prolongation  of  the  axial  furrow,  but  dying  out  before 
reaching  it.  Half  the  side  of  the  pygidium  is  formed  by  the  margin 
from  the  second  pleura  to  the  point  of  the  third  pleura,  and  it  is 
weakly  sigmoidal,  bending  at  first  outwards  and  then  inwards.  The 
points  of  the  third  pair  of  pleuraa  are  somewhat  closely  placed,  and 
the  margin  between  them  is  rather  deeply*  emarginate.  The  post- 
axial  piece  is  nearly  as  wide  as  the  axis,  is  flattened,  and  bears  no 
farrow.  The  taberonlation  of  the  pygidium  is  similar  to  that  of  the 
thorax,  bat  the  tubercles  show  no  regularity  of  distribution  on  the 
pleurae,  and  the  general  surface  of  the  lateral  lobes  seems  to  be  also 
Tcry  finely  granulose. 

The  hypostome  associated  with  this  LieliM  and  most  probably 
belonging  to  it  has  a  strongly  arched  anterior  outline  and  a  deeply 
and  broadly  emarginate  wide  posterior  border,  but  only  the  body  is 
well  preserved  in  any  case.  The  body  is  rounded  -  subquadrate, 
moderately  convex,  rather  broader  than  long;  anteriorly  it  has 
a  strongly  arched  outline,  but  its  sides  are  subparallel,  and  its 
posterior  end  is  abruptly  truncated  nearly  at  right  angles  and  almost 
straight  The  lateral  middle  furrows  form  a  pair  of  simple  broad, 
short,  rather  oblique  notches  in  its  sides  at  about  two-thirds  its  length, 
and  do  not  fork. 

Dimensions : 


I. 

II. 

III. 

IT. 

v. 

Length  of  whole  indiridual 

31-75 

30-00 

— . 

— 

— 

Length  of  head         

Wri£h  of  ditto          

9-50 

9-00 

— 

__ 

27-00 

2700 

— 

^_ 

^dth  of  glabella  at  base     

7*25 

— 

.^ 

Lm^h  of  thorax      

Wi&h  of  thoracic  axifl  at  front  end... 

13-25 

11-75 

12-00 

9-00 

8-00 

7-75 

.^ 

Length  of  pygidinm 

i^idth  of  ditto          

9-00 

9-00 

8-50 

15-5 

20-50 

2000 

16-00 

26-0 

V^idth  of  axis  of  ditto          

4-00 

4-00 

3-50 

6-0 

Length  of  hyoostome           

Length  of  boay  of  ditto        

— . 

— . 

— ^ 

11-20 
G-75 

Afinitiet. — The  general  characters  of  the  head-shield  ally  this  form 
rery  closely  to  Z.  angusta,  Beyr.,^  which  Schmidt  says  is  distinguished 
Erom  Z.  deflexa?  Sjogr.,  by  tiic  glabella  being  less  swollen  and  the 
onedian  lobe  less  transversely  expanded  in  front.  The  pygidium  of 
L.  an^fustOf  so  far  as  it  is  known,  agrees  more  with  Z.  JSichwaldi^ 
locording  to  Schmidt,  than  with  our  specimens.  The  latter  resemble 
in  this  part  Z.  deflexay  which  has  the  points  of  the  third  pair  of  pleurse 
m  the  lateral  lobes  similarly  projecting  ;  but  in  ours  these  points  are 
closer  together,  the  whole  pygidium  is  less  ti-ansverse,  the  second  pair 
if  pleursB  do  not  extend  so  far  back,  and  the  diagonal  furrows  of  the 
ifaird  pair  do  not  unite  with  the  axial  furrows.  The  hypostome  of 
L,  amffusta  seems  to  be  practically  identical,  so  far  as  ours  is  known. 

»  Schmidt:     Rev.    Ostbalt.    Silur.   Trilob.,   Abth.   ii   (1885),   p.    108,    t.    iv, 
In.  18—23. 
»  Ibid.,  p.  101,  t.  iv,  figs.  24-35. 
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L,  Eichwaldiy  Nieszk./  and  Z.  Pahlent,  Schmidt,'  are  also  closely 
allied  to  our  Melmerby  form. 

lu  Z.  Eichwaldi  the  inner  portion  of  the  free  cheeks  is  similarly 
swollen  and  the  outer  portion  depressed,  and  the  median  portion  of 
the  head-shield  projects  in  the  same  manner ;  but  the  pygidiUm  has 
no  freely  projecting  points  to  the  pleurae. 

Z.  PahUni  has  straighter  axial  furrows  bounding  the  glabella,  and 
the  pygidium  is  more  elongated.  The  latter  species  is  found  in 
Dj  in  the  Baltic  provinces,  and  the  former  in  E. 

Z.  angtista  occurs  in  F^  and  Fg,  and  Z.  defiexa  in  Dg. 

From  the  above  comparison  it  will  be  seen  that  our  Melmerby  fonn 
does  not  completely  agree  with  any  of  these  species,  though  it  shows 
so  many  points  of  affinity  with  all,  and  it  appears  necessary  to  regard 
it  as  a  new  species  which  may  be  suitably  named  melmerhiemif. 
The  section  to  which  it  belongs  is  that  termed  Homolichas  by  Schmidt  * 
and  the  author,*  and  in  the  latter's  scheme  of  classification  it  lies  in 
the  second  main  division  of  the  whole  genus  Lichas. 

EXPLANATION    OF  PLATE   XVII. 

Fio.  1.  IJehntt  (Homoliehas)  melmerbien»i»,  sp.  nov.     Complete  mdmdual.    x  2. 
Dufton  Shales,  near  Melmerby. 

„   2.  Ditto.     Ditto.      X  2. 

,,   3.  Ditto.     Thorax  and  imperfect  pygidium.     x  2. 

,,   3a.  Ditto.    Thoracic  segment  enlarged  to  show  ornamentation,     x  5. 

,,   4.  Ditto.     Posterior  portion  of  middle  part  of  head-shield,      x  2. 

/,   5.  Ditto.    Anterior  portion  of  glabella,     x  1  J. 

,,   6.  Ditto.     Pygidium.      x  2. 

,,    7.  Ditto.     Hypostome.     x  2 J. 


IV. — On  the  genus  Pygogephalvs  (IIcxij:y),  a  primitite  Schizopop 

Crustacean,  from  the  Coal-Measures. 

By  IIexry  Woodward,  LL.D.,  F.R.S.,  V.P.  Z.S.,  F.G.S. 

(PLATE  XVIII.) 

T^YGOCEPEALUS  COOPEPI  was  first  described  by  Professor 
Huxley  from  the  Coal-measures  of  Paisley  in  1857  (Quart.  Journ. 
(reel.  Soc,  vol.  xiii,  pp.  363-369,  pi.  xiii),  and  a  second  specimen  by 
the  same  author  in  1862  (op.  cit.,  vol.  xviii,  pp.  420-422,  text- 
ligure).  Some  additional  specimens  came  into  my  hands  for  exami- 
nation, and  were  communicated  to  the  Glasgow  Geological  Society, 
in  1866  (Trans.  Geol.  Soc.  Glasgow,  vol.  ii,  pp.  234-247,  pL  ii 
figs.  1-3).  In  that  paper  I  described  a  second  species,  which 
I  named  Pygocephalus  Iluxleyi  (text-figure,  p.  244,  op.  cit.).  The 
specimens  referred  to  above  were  obtained  from  the  Coal-measares 
of  Paisley,  from  Kilmaurs,  and  from  near  Manchester.  Since  then 
the  late  Mr.  Henr}'  Johnson,  F.G.S.,  formerly  of  Dudley,  obtained 

*  Schmidt :  op.  cit.,  p.  104,  t.  iv,  figs.  10-17. 

2  Schmidt :  op.  cit.,  p.  97,  t.  iv,  figs.  6-8. 

^  Schmidt :  op.  cit.,  pp.  31,  40,  42. 

»  Reed:  Q.J.G.S.,  vol.  Iviii  (1902),  p.  78. 
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Xiichas    ( Hom.oUckas )  melmerbiensis  sp.  nov. 
Dufton  Shales,  neap  Melmep'bv. 
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lany  examples  of  Pygocephalus  from  the  Clay-ironstoDe  nodules  of 
oal- measure  age  at  Coseley,  near  Dudley,  now  in  the  Qeological 
department  of  the  British  Museum  (Natural  History  Branch), 
romwell  Road,  S.W.  These  specimens  are  preserved  in  great 
erfection,  and  I  had  fully  intended  to  figure  them  some  years  ago, 
ut  the  pressure  of  other  work  caused  them  to  he  set  aside  for 

time.  Last  year  I  received  an  example  of  Pygocephalus  from 
[r.  Walter  Baldwin,  F.G.S.,  obtained  from  the  Clay-ironstone  of 
le  Middle  Coal-measures  at  Spurth,  Rochdale  (for  description  see 
ig.  1,  p.  405).  I  have  also  received  through  Mr.  H.  A.  Allen, 
'.G.S.,  of  the  Geological  Survey  Museum,  Jermyn  Street,  by  the 
indness  of  their  owner,  Mr.  Herbert  Hughes,  Assoc.  R.S.M.,  F.G.S., 
I  Horseley  House,  Wolverhampton  Street,  Dudley,  four  most 
iteresting  specimens  of  Pygocephalus  collected  by  him,  two  of 
'hich  prove  to  be  females,*  a  point  of  extreme  interest  not  heretofore 
bserved. 

In  his  original  paper  (Quart.  Joum.  Geol.  Soc,  1867,  pp.  363-36;^, 
I.  xiii)  Professor  Huxley  gave  a  very  complete  description  of  the 
nderside  in  the  male  of  Pygocephalus  Cooperi,  and,  in  the  figures 
ocompanying  his  paper,  he  shows  the  hexagonal  plates  forming  the 
;emites  of  the  thoracic  segments ;  to  the  lateral  marginal  plates  are 
ttached  the  coxopodites  of  the  thoracic  limbs  (pereiopodsV  He  had 
Iso  determined  the  presence  of  a  distinct  endopodite  and  exopodite 
)  each  thoracic  limb.  He  writes  as  follows  (p.  365) : — **  Attached 
)  the  outer  boundaries  of  the  lateral  (ventral)  plates,  seven 
ppendages  are  observable  on  one  side  and  six  on  the  other.  In 
le  more  perfectly  preserved  appendages  (fig.  \c)  there  may  be 
istinguished  a  short,  proximal,  convex,  subcylindrical  joint,  followed 
y  at  least  three  other  slender  and  delicate  articulations;  of  these 
le  proximal  one  is  the  longest,  the  terminal  next  in  length,  and 
le  middle  one  shortest.  The  terminal  joint  exhibits  indications  of 
irther  subdivision. 

"The  fifth  limb  on  the  right  side  presents  a  very  important 
aaracter,  inasmuch  as  there  lies  parallel  with  and  behind  it  a 
elicate,  curved,  many-jointed  filament  (fig.  Ic),  which  externally 
buts  against  the  terminal  joint  ot*  the  appendage,  and  internally 
es  parallel  with  the  longer  cylindrical  joint,  and  in  close  contiguity 
ith  the  basal  division  of  the  appendage.  1  believe,  in  fact,  that 
lis  filament  is  nothing  less  than  the  outer  division  of  the  appendage, 
r  its  exopodite  ;  and  I  am  inclined  to  think  that  traces  of  a 
>rre8ponding  filament  are  visible  in  some  of  the  other  appendages." 
•n  p.  367  he  concludes  further  that  **the  small  internal  pair  of 
ppendages  are  the  antennules,  the  large  external  ones  antennje; 
16  seven  segments  are  the  sterna  of  seven  thoracic  somites, 
icreasing  in  width  from  before  backwards ;  the  narrow  longi- 
idinal  plates  (lying  outside  the  margin  of  the  thoracic  stemites) 
'e  the  edges  of  a  short  carapace ;  and  the  semicircular  disk  is  the 

>  Since  penning  the  above  I  have  discovered  two  imperfectly  preserved  females  of 
ygoesphali  amongst  Mr.  Henry  Johnson's  specimens  (registered  numher  1. 1536)  from 
cneley,  near  Dudley,  to  be  presently  referred  to  again. 
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termination  of  a  large  abdomen  bent  upon  itself  with  the  telson  and 
uropods  more  or  less  flattened  and  crushed." 

Professor  Huxley  then  compares  Pygoeephalus  with  Ifytii,  tbe 
*  opossum-shrimp  *  of  our  own  seas: — **In  Mj/sii^  as  in  Pygoeephalui, 
the  abdomen  is  very  large,  as  compared  with  the  thorax,  and  ^e 
carapace  is  short  and  delicate.  The  antennules  present  two  sub- 
cylindrical  basal  joints;  the  antennae  have  two  large  basal  joints 
giving  attachment  to  a  large  scale  externally  and  superiorly,  while 
internally  the'  fusiform  base  of  the  internal  division  of  the  antennae  is 
formed  by  three  joints,  with  the  last  of  which  a  very  long  multi- 
articulate  filament  is  continuous  "  (see  Plate  XVIII). 

"  There  are  seven  pairs  of  conspicuous  thoracic  members  in  MjfiUi 
the  first  pair  of  thoracic  appendages  being  smaller  than  the  othen, 
and  applied  against  the  mouth ;  so,  also,  there  are  seven  pairs  of 
appendages  in  Pygocephalm^'*^  but  the  oral  appendages  in  the  fossil 
cannot  be  accurately  determined. 

^^In  MysiSy  again,  the  thoracic  limbs  are  short  and  feeble,  and 
consist  of  two  parts,  an  endopodite  and  exopodite,  the  latter  being 
terminated  by  a  many- join  ted  filament.  They  present  the  same 
peculiarities  in  PygocephaluB  "  (PL  XVIII,  Figs.  2,  9). 

**  In  My  sis  the  sterna  of  the  thoracic  somites  are  well  developed, 
and  gradually  increase  in  width  from  before  backwards ;  so  do  those  of 
Pygocephalus.^^ 

"The  abdomen  in  Pygocephalus  is  much  thicker  and  stronger  in 
proportion  than  is  that  of  Mysis^^ ;  and  as  seen  from  the  drawings  bv 
Mr.  Searle  of  the  later  specimens  obtained,  the  telson,  together 
with  the  three-jointed  and  paired  uropods,  on  either  side,  differ 
greatly  in  form  from  those  of  Mysis^  being  far  wider,  more  nearly 
resembling  some  of  the  Coal  -  measure  PalaemonidcB  figured  by 
Dr.  B.  N.  Peach,  F.R.S.*  This  agrees  with  our  experience  con- 
cerning all  these  earlier  forms  of  Crustacea,  that  tiiey  are  Uts 
specialized  in  structure  than  are  those  of  our  modern  times. 

Huxley  concludes  that  Pygocephalus  is  either  a  lowly  form  of 
Decapod  or  one  of  the  Stomapoda,  and  he  adds  in  a  note,  **the 
Schizopoda,  including  Mysis,  are  not  essentially  different  from  the 
Decapoda." 

The  result  of  our  examination  of  the  fine  series  of  specimens  of  the 
male  of  Pygocephalus^  obtained  since  1857  for  the  British  Museum 
(Natural  History),  tends  not  only  to  expand  and  perfect  Professor 
Huxley's  original  description,  but  to  prove  the  great  accuracy  of  his 
observations  of  fifty  years  ago. 

The  additional  specimens  lately  received  from  Mr.  Herbert  Hughes, 
obtained  from  the  same  bed  of  clay-ironstone  nodules  at  Coseley,  near 
Dudley,  which  formerly  proved  so  prolific  under  the  labours  of  the 
lato  Mr.  Henry  Johnson,  have  yielded  clear  evidence  of  the  female  of 
Pygocephalus.  Those  which  are  illustrated  upon  our  PL  XYIII, 
Figs.  5  and  6  show  most  distinctly  the  presence  of  a  brood-pouch  or 
marsupium  on  the  ventral  aspect  of  the  thorax.  Such  structures  are 
well  known  in  many  recent  Crustacea,  but  have  not  hitherto  been 
preserved  in  any  fossil  form. 

1  See  Trans.  Roy.  Soc.  Edinb.,  vol.  xxx  (1888),  pis.  8-10. 
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Dr.  W,  T.  Caiman,  of  the  British  Museum  (Natural  History),  who 
las  devoted  himself  for  many  years  to  the  study  of  the  Crustacea, 
las  given  special  attention  to  these  structures,  and  finds  in  them 
I  valuable  aid  to  the  classification  of  the  Crustacea.  In  a  paper 
)ublished  in  1904*  he  wrote  as  follows  (p.  150  op.  cit.): — "Among 
he  characters  in  which  the  Mysidacea  differ  from  the  Euphausiacea 
ind  agree  with  the  Edriophthalmato  orders,  the  most  conspicuous  is 
:he  possession  by  the  female  sex  of  a  brood-pottehy  or  marBupium,  in 
trhich  the  Q^'gn  and  young  are  carried.  It  cannot  be  doubted  that 
:his  structure  is  homologous  throughout  the  whole  series  which 
[  have  named  from  this  feature,  the  Feracarida,'  in  spite  of  real  or 
alleged  differences  in  the  mode  of  its  development.  It  is  formed  by 
1  series  of  overlapping  plates  (which  Claus  considers  with  great 
probability  to  be  of  the  nature  of  epipodites)  attached  to  the  inner 
ode  of  the  coxopodites  of  some  or  all  of  the  thoracic  limbs. 

**  When,  as  in  many  Isopoda,  the  coxopodites  are  fused  with  the 
body,  the  plates  arc  attached  to  the  sternal  surface  of  the  somites. 
[n  some  cases  these  plates  (or  ^  ooBtegites  *^  develop  as  bud-like 
mtgrowths  from  the  bases  of  the  limbs,  mcrcasing  in  size  at 
mccessive  ecdyses  as  sexual  maturity  is  approached ;  but  in  certain 
[sopoda  it  has  been  shown  that  the  course  of  development  is  abbre- 
riated,  the  'oostegites'  growing  in  the  space  between  the  sternal 
mticle  and  the  hypodermis,  and  being  set  free  completely  formed 
at  a  single  moult.'' ' 

"  Probably  some  similar  process  has  given  rise  to  the  statement 
:hat  the  oostegitos  arise  by  splitting  of  the  ventral  cuticle  in  the 
!!!umacea^  and  in  the  Isopod  Onathia}  At  the  same  time  it  is 
sertain  that  the  formation  of  the  brood-pouch  is  profoundly  modified 
n  certain  parasitic  Isopods  of  the  tribe  Epicaridea.  In  many  of 
jiiese  the  'oostegites'  develop  in  the  typical  fashion  just  described, 
)ut  in  the  more  specialized  forms  the  structure  is  very  different 
and  hard  to  understand. 

"  In  HemionUcus^  where  the  development  has  been  worked  out  in 
letail  by  Caullery  &  Mcsnil,'  the  marsupial  cavity  is  hollowed  out 
n  a  thickening  of  the  ectoderm  on  the  sternal  surface,  and  is  from 
'he  first  completely  closed.  Further  research  will  be  required  to 
how  what  relation  this  cavity  bears  to  the  normal  marsupium.** 

"Apart  from  such  exceptional  cases,  however,  the  possession  of 
X)8tegites  is  a  character  quite  peculiar  to  the  group  of  orders  included 
in  the  Peracarida  and  not  found  in  any  other  Crustacea.  It  is  true 
that  the  Euphausiidae  are  described  as  carrying  their  eggs  in  sacs 
ittached  to  the  sternal  surface  of  the  thorax,  and  it  has  been  assumed 

*  "On  the  Classification  of  the  Crustacea  Malacostraca,**  by  "W.  T.  Caiman, 
D.So. :   Ann.  &  Mag.  Nat.  Hist.,  ser.  vii,  vol.  xiii  (1904),  pp.  144-158. 

•  From  vT^po,  pera,  a  pouch,  and  earida^  a  shrimp. 

•  Cf.  Leichmann,  •*  Beitr.  z.  Naturgesch.  d.  Isopo<len  " :  Bibl.  Zool.,  x  (1891). 

*  G.  0.  Sara,  "Beskr.  af  de  paa  Freg.  Josephines  Exp.  fundne  Cumaceer** : 
Eon^.  STonska  Vet.-Akad.  Hand!.,  Lx,  13  (1871),  p.  19. 

•  Dobm,  "Entw.  und  Organ,  v.  Franiza  (Ancetia)  tnaxillaris'^ :  Zeitsch.  f.  wiss. 
Zool.»  zx  (1870),  p.  70. 

*  *'  Becherchies  sur  V HemioniMCtis  balani,  Buchholz  .  .  .  .  " :  Bull.  Sci. 
fnaue  et  Belgiqae,  zxxi?  (1901),  pp.  316-362,  pis.  xvii,  xviii,  5  figs,  in  text. 
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that  these  represent  the  marsupium  of  the  Mysidacea.  Bat  Sars 
has  pointed  out  that  the  'ovisacs'  are  apparently  formed  by  the 
consolidation  of  some  cementing  substance  which  is  extruded  along 
with  the  eggs  from  the  oviducts." 

Beneath  I  have  given  the  classification  proposed  by  Dr.  W.  T. 
Caiman  for  Crustacea  of  the  sub-class  Alalacostraca  : — 

Series  Leptostraca,  Claus,  1880. 

Division  PHYLLOCARIDA,  Packard,  1879. 
Order  Nebaliacba,  nov.  nom. 

Scries  Eumalacostraca,  Grobben,  1892. 

Division  SYNCARIDA,  Packard,  1886. 
Order  Anaspidacba,  noY.  nom. 

Diyision  PERACARIDA,  nov.  nom. 
Orders  Mysidacea. 

CVMACEA. 

Tanaidacba. 

IsoroDA. 

Ampuipoda. 

Division  EUCARIDA,  nov.  nom. 
Orders  Euphausiacba. 
Dbcapoda. 

Division  HOPLOCARIDA,  nov.  nom. 
Order  Stomatopoda. 

Dr.  Caiman  gives  the  following  diagnosis  of  his  proposed  division 
Peracarid a :— Carapace,  when  present,  leaving  at  least  four  of  the 
thoracic  somites  distinct.  Pirst  thoracic  somite  always  fused  with 
the  head.  Antennal  protopodite  typically  of  three  segments. 
Mandible  with  lacinia  mobilis  (except  in  parasitic  and  other  modified 
forms).  Thoracic  limbs  flexed  between  fifth  and  sixth  segments. 
*  Oostegites '  attached  to  some  or  all  of  the  thoracic  limbs  in  female, 
forming  a  brood-poucli.  No  appendix  interna  on  pleopods.  Hepatic 
caeca  few  and  simple.  Heart  elongated,  extending  through  the 
greater  part  of  the  thoracic  region,  or  displaced  into  abdomen. 
Spermatozoa  filiform.  Development  taking  place  within  the  brood- 
pouch  ;  young  set  free  at  a  late  stage."  (Ann.  &  Mag.  Nat.  Hist, 
ser.  VII,  vol.  xiii  (1904),  pp.  156,  157. J 

The  following  may  serve  as  illustrations  of  the  frequent  occurrence 
and  variation  in  form  of  the  brood-pouch  in  living  Crustacea  of 
different  orders  included  in  Dr.  Calman*s  division  Peracarida. 

In  the  family  LophogastridaB  (see  the  Rev.  T.  R.  R.  Stebbing's 
History  of  Recent  Crustacea,  1893,  p.  256)  the  marsupium  consists  of 
seven  pairs  of  plates,  the  young  undergoing  their  metamorphosis 
within  the  e^^.  The  same  arrangement  occurs  in  the  Euoopiids 
(op.  cit,  p.  260). 

In  the  Mysidae  the  marsupium  is  composed  of  seven,  or  more  often 
of  only  two  or  three,  pairs  of  plates  (op.  cit,  p.  267). 

In  the  CymothoidsB  the  female  has  five  pairs  of  marsupial  plates  on 
the  first  five  pairs  of  thoracic  limbs,  and  small  supplementary  plates 
on  the  last  two  pairs  (op.  cit.,  p.  339).     In  this  family  the  plates  of 
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tfa«  mannpitiin  ara  so  imbricated  that  the  lost  of  the  five  pun  is 
ontermost  (op,  cit.,  p.  384),  In  the  Seroliidse  the  mareupium  couaUta 
of  four  psin  of  plates  (op,  cit.,  p.  357)  [formed  probably  between  and 
•et  free  by  the  separation  of  the  rentral  cuticle  from  the  hypodermisj. 
In  the  AseUidn  the  manopial  pouch  is  formed  of  plates  pertaining 
to  the  first  fonr,  oi  to  the  second,  third,  and  fourth  segments  of  the 
thorax  (op,  cit,,  p.  376). 

In  the  Dajidn  the  first  toor  pairs  of  imbricated  plates  fonn  a 
movable  lid  to  the  front  opening  of  the  marsapium,  the  lai^  fifth  pair 
close  it  behind  (op.  cit.,  p.  39S). 

In  the  Entoniscidffi  the  morsupiam  la  formed  of  five  pairs  of  plates 
(op.  dt.,  p.  405), 

In  one  of  the  forms  of  parasitic  Isopoda,  of  the  family  Bopyridn 
{loTte  thoroeiea),  the  imhricBt«d  platea  of  the  brood-pouch  in  the 
female  consist  of  seven  pairs,  and  they  closely  resemble  m.  form  those 
of  Pygotephalu*,  hut  they  overlap  one  another  in  exactly  the  reverse 
order  from  bock  to  front,' 

There  are  other  characters  in  the  recent  Peracarida  which  diatinguish 
them  from  the  Eucarida,  in  the  structure  of  the  mandibles  and  in 
certain  charactera  presented  by  the  thoracic  limba,  but  these  we  need 
not  discuss  here,  as  the  fossil  forms  are  not  sufficiently  delicately 
preserved,  and  cannot,  of  course,  be  diaaected  like  recent  specimens. 


Pie. 


length  oi  thorax,  26  mm. ;  length  of 
mmilca;  n".  aQtenmc ;  e,  e,  lateral  bolder  oC 
niDpiHls ;  (.  telson. 


Hirtoc;).     Length 

sbdomeo,    25  mm.      ti 

eaispaoe;  ah.  ibdomeo 
In  addition  to  the  two  wull -preserved  examples  of  the  female  in 
Mr.  Herbert  W.  Hughes'  collection  figured  on  our  Plate  (Figs.  5 
■nd  6),  I  have  detected  two  iraperfectlj-  preserved  females  in  the 
Uoaenm  collection  (I.  1536).  part  of  the  late  Mt.  Henry  Johnson's 
edleotion  which  I  had  previously  overlooked.  They  serve  to  confirm 
tte  evidence  afforded  by  Mr,  Hughes'  more  periect  ^ecimens. 

>  ^enas  Bste  &  I.  0.  'Westwood,  "  Se»ilB-efed  Cnielacea,"  186S,  vol.  li,  p.  255. 
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Measurements  of  the  female  of  Pygoeephalut  (Fig.  6) : — Extreme 
length  of  the  more  perfect  female  of  Pygoeephaltu^  40  millimetres; 
breadth  at  base  of  antennae,  10  mm.;  breadth  of  caudal  plates, 
where  infolded  towards  base  of  thorax,  13 mm.;  greatest  breadth  of 
martupium  near  the  centre  of  thorax,  12  mm.;  breadth  in  front,  8  mm., 
posteriorly  10mm.;  number  of  imbricated  plates,  7  pairs;  length, 
15  mm. ;  average  length  of  plates,  about  2  mm.  The  outer  margins  ol 
the  scales  of  brood-pouch  are  straight,  the  inner  borders  roundly 
curved.  Measured  along  its  convexity,  length  pf  abdomen  ia 
Mr.  Johnson's  specimen  (I.  1536),  20  mm. ;  leng&i  of  telson,  10  mm.; 
the  margins  of  the  5  segments  are  recurved  and  their  borders  pointed. 

In  the  male  Pygoeephdlui^  in  which  the  oostegites  are  absent,  the 
central  thoracic  plates  are  usually  somewhat  hexagonal  in  form; 
with  these  the  small  marginal  plates  (bearing  the  coxopodites  of  the 
thoracic  limbs)  are  intercalated.     In  some  examples  of  Pygoeephahu 


Fio.  2. — Pygoeephalus  (Anthrapalamon  f)  Parkeri,  sp.  nov.,  H.  Woodw.  Coal- 
measures  :  Sparth,  near  Rochdale.  Obtained  by  Mr.  W.  A.  Parker,  F.G.S., 
and  presented  to  the  British  Museum  (Natural  History),     x  2  nat.  size. 

the  central  plates  are  more  quadrate-oblong.  These  differences  may 
also  be  noticed  in  Huxley's  figures  of  the  thoracic  plates  of  his  two 
examples  (Quait.  Joum.  Geol.  Soc,  1857,  pi.  xiii,  figs,  la,  h, 
2,  3 ;  also  in  our  Plate  XVIII,  Fig.  3,  and  in  Woodcut  Fig.  1  in 
text).  The  telson  and  uropods  in  Huxley's  example  are  represented 
as  truncated  (op.  cit.,  pi.  xiii,  figs,  la,  h).  The  telson  of  those  we 
figure  now  are  pointed  (see  PI.  XVIIl,  Fig.  4).  But  possibly 
the  caudal  plates  of  Figs.  1  and  6  from  Mr.  Hughes'  collection 
may  have  had  a  blunt    and   square   telson    with   correspondin^y 
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broad  uropods.  Further  research  may  show  that  the  adult  female 
differs  from  the  male  not  only  in  the  possession  of  marsupial  plates, 
but  in  the  form  of  its  caudal  ])late8  also. 

Another  specimen  from  Sparth,  Rochdale,  was  referred  to  by  me 
a  year  ago  ( Brit.  Assoc.  Reports  York  Meeting)  under  the  manuscript 
name  of  Anthrapaksmon  Parkeri,  H.  W.,  but  examining  this  specimen 
more  critically  I  think  this  Crustacean  should  be  referred  to 
Pygocephalmj  not  to  Anthrapalamon.  If  this  view  is  correct  it  is 
the  only  example  hitherto  met  with  in  which  the  entire  dorsal  aspect 
of  the  Crustacean  lies  exposed. 

It  differs  from  Pygocephalus  Cooperi  in  having  four  small  and  one 
large  serration  on  the  latero-anterior  angles  of  the  carapace,  but  the 
telson  and  its  uropodites  agree  exactly  with  Pygocephalus.  The 
antennae  also  bear  a  large  oval  scale  as  in  Pygocephalus.  Although 
my  evidence  is  incomplete  I  venture  to  place  this  form  in  the  genus 
PygocephaltUy  with  the  trivial  name  of  Parkeri^  after  its  discoverer, 
Mr.  Wm.  Albert  Parker,  F.G.8..  of  Rochdale. 

In  conclusion,  I  wish  to  thank  my  friend  Dr.  Caiman  for  the  very 
kind  advice  and  assistance  which  he  has  given  roe  in  this  investigation, 
and  for  the  trouble  he  took  in  examining  the  specimens  showing 
marsupial  plates  in  order  to  verify  my  interpretation  of  their  true 
nature. 

EXPLANATION  OF  PLATE  XVIII. 
Ptoocephalus  Cooperi,  Huxley. 
Coal-measures — Clay  Ironstone :  Coseley,  near  Dudley. 
Fig.  1. — View  of  ventral  aspect  of  male  specimen,  $. 

a, 9.  antennal  scale ;  a",  antenna  ;  a',  antennule. 
e.  margin  of  carapace. 
th,  hexagonal  thonicic  plates  (stemites). 
p€r,  series  of  thoracic  hmbs  (pereiopods) . 
ab,  ahdomen  flexed  ventrally  upon  the  thorax. 
2. — A  single  thoracic  appendage  (afUT  Huxley)  showing  (^w.)  the  endopodite 

and  (ex.)  the  exopodite. 
3. — Part  of  another  specimen  of  male  Pygocephalmy  $» 
th,  thoracic  stemites  somewhat  diHplaced. 
per.  five  of  the  thoracic  limhs  showing  endopodite  and  exopodite. 
a.p.  doubtful  (anal  ?)  plate  displaced. 
,,     4. — An  attempted  restoration  of  the  male  $  underside,  shomn^  the  antennules 
(a,  a'.) ;  the  antenna;  (a",  n" .)  with  their  long  fiugella  and  broad  antennal 
scale  \a.9.) ;    the  7   thoracic  sternites  [th.)  with   corresponding  paired 
pereiopods,  each  with  exopodite  and  endopodite,  the  5  abdominal  plates 
\a.b.)j  followed  by  the  telson  (^)  with  its  two  paired  uropodites  (Mr.). 
FiGfl.  5  and  6. — Females  of  Pygocephalua  Coopert^  showing  6  or  7  broad,  scale-like, 
imbricated  plates  {m.p.),  *  oostegites,'  forming  the  marsupium  in  which 
the  eggs  and  the  immature  young  are  carried.     The  other  parts  lettered 
are  the  same  as  in  the  male  examples  (Figs.  1 ,  3,  4). 
Fig.  7. — Carapace  with  cephalo-thoracic  appendages  and  marsupium  (m.p.)  of  recent 
female  Schizopod   [Eucopia  auatralit,   Dana),  copied  from  Challenger 
Report  (Zoology),  vol.  xiii  (Schizopoda),  pi.  ix,  tig.  2.    Enlarged  about 
1^  times  nat.  size. 
,,     8. — Antennal  scale  (a.s.)  with  part  of  ilagellum  and  basal  joints  of  antenna  of 

Eucopea  (from  same  plate  as  Fig.  7). 
,,     9. — One  of  the  legs  of  Ceratoiepia  snowing  endopodite  and  exopodite,  copied 
from  same  volume  of  Challenger  Report  as  Figs.  7  and  8  (op.  cit.,  pi.  i, 
fig.  14). 
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V. — Pbeliminart  Note  on  Overthrust  Struct  ore  at  LAKeKon.  a 

THE  Dolomites. 

Bj  Dr.  Maria  M.  Ooilvib  Gobdon. 

GEOLOGISTS  who  are  familiar  with  the  Dolomites  of  South  Tyrol 
will  know  the  transverse  sections  of  Langkofl  and  Plattkofl 
Dolomite  given  hy  Geh.  von  Mojsisovics  (**  Dolomit-Riffe,"  1879, 
pp.  191-204).  Mojsisovics  describes  the  Schlern  Dolomite  of  Langkofl 
as  resting  conformably  upon  south-dipping  Lower  Muschelkalk  and 
Werfen  strata,  and  concludes  that  the  Schlern  Dolomite  here  representi 
a  dolomitic  facies  of  all  the  Mid-Triassic  geological  horizons— tIs.,  the 
Mendola,  Buchenstein,  Wengen.  and  Gassian  horizons.  The  Lower 
Muschelkalk  and  Werfen  strata  then  bend  northward  with  a  steep 
flexure  and,  according  to  Mojsisovics,  conformably  underlie  the  same 
Mid-Triassic  series  of  Mendola,  Buchenstein,  Wengen,  and  Caasiaa 
horizons,  but  the  Buchenstein  horizon  is  here  present  in  the  nodoki 
limestone  facies,  and  the  Wengen  and  Gassian  horizons  in  their 
tufaceous  facies. 

In  a  paper  which,  I  hope,  may  shortly  be  published,  I  have 
described  the  presence  of  two  important  thrust  planes,  inclined  south- 
ward,  in  the  north  wall  of  Langkofl  and  the  adjacent  hill-slopes  on 
the  north.  One  of  these  thrust-planes  passes  between  the  Schlern 
Dolomite  of  Langkofl  and  the  group  of  Lower  Muschelkalk  and 
W^  erf  en  strata  at  its  base.  The  Sclilern  Dolomite  above  the  thrust- 
plane  dips  north wai'd,  the  underthrust  strata  dip  southward — rather 
more  steeply  than  the  thrust-plane  which  at  the  north  wall  has  an 
average  inclination  of  15^-25°  south-south-east. 

The  other  tliruRt-[>lane  is  also  inclined  south-south-east  and  passes 
between  the  Werfen  and  Muschelkalk  strata  of  the  underthrust  group 
and  the  Wengen  lavas  on  the  hill  slopes  adjacent  to  Langkofl  on  the 
north.  For  convenience,  1  have  termed  the  segment  of  older  Trias 
at  the  base  of  Langkofl  the  *  ^lontesora '  segment. 

Another  thrust  -  plane  inclined  southward  is  present  in  the 
Plattkofl  or  south  aspect  of  the  Langkofl  and  Plattkofl  group.  The 
tufaceous  and  Cipit  Limestone  facies  of  Gassian  strata  in  Fassa  Joch 
dovetails  towards  the  north  with  the  dolomitic  facies  of  the  Gassian 
horizons  in  Plattkofl  mountain.  And  a  thrust-plane  has  carried  the 
southern  facies  north wai-d  to  some  extent  above  the  dolomitic  facies. 

I  have  farther  shown  that  leading  cast-west  eruptive  fissures  present 
on  the  north  and  south  of  the  Langkofl  and  Plattkofl  group  in  Mid- 
Triassic  time  were  at  that  time  undergoing  depression  relative  to 
the  intervening  plateau  upon  which  the  calcareo -dolomitic  deposits 
accumulated,  and  that  simultaneously  with  the  Mid-Triassic  differential 
movements  and  eruptive  invasions  at  east- west  fractures  a  series  of 
N.E.-S.W.  flexures  was  in  course  of  formation,  the  eruptive  facies 
gaining  ingnss  more  especially  in  the  troughs  of  that  series. 

My  investigation  of  the  Bufaure  group  of  igneous  mountains 
between  Fassa  and  Contrin  Valleys  leads  me  to  conclude  that  this 
was  a  depressed  series  of  flexures  in  the  course  of  both  the  east- 
west  and  X.  h).-S.W.  systems  of  plication,  and  was  already  broken  in 
Mid-Triassic   time   by   an  intersecting  network  of  fractures.     The 
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igneous  rocks  of  the  area  are  essentially  fissure  accumulations  of 
lava,  continuous  with  a  rim  of  marginal  sills  which  had  found  entry 
amidst  the  iodipping  strata  of  the  surrounding  Mid-Triassic  flexures. 

The  leading  east-west  eruptive  fissure  of  Bufaure,  and  a  parallel 
fissure  at  Rodella  Hill  on  the  north,  may  he  traced  continuously 
eastward  to  the  Fedaja  and  Buchenstein  district,  and  westward 
through  the  slopes  of  Duron  Valley  to  Seiser  Alpe.  Both  on  the 
north  and  south  margins — for  example,  at  Plattkofl  and  Sasso  Pitschi 
on  the  north  margin,  and  at  Mairin  Wand,  Udai,  ^lolignon, 
RosBzahne,  and  Schleru  on  the  south  margin — there  is  a  rapid 
passage  of  all  or  part  of  the  lavas  and  tuffs  of  the  fissure  facies 
into  calcareo-dolomitic  rocks  of  the  same  age.  The  still  higher 
horizons  of  Schlem  Dolomite  can  in  some  places,  such  as  Pordoi  in 
Sella  Masffive,  he  seen  to  give  place  to  the  **  Schlem  Plateau  facies '' 
of  Kaihl  strata,  which  locally  includes  thin  lavas,  or  to  pass  insensihly 
upward  into  well-stratified  Raihl  horizons  of  dolomite. 

Round  the  west  of  the  Seiser  Alpe  area,  the  Bufaure  and  Rodella 
east-west  eruptive  fissures  hecome  continuous  with  the  leading  east- 
west  eruptive  fissure  which  in  Mid-Triasaic  time  was  active  along  the 
north  of  Seiser  Alpe,  the  Langkofi  and  Sella  Mountains,  and  the 
St.  Cassian-in-Enneberg  meadowland.  This  fissure  is  the  ^'  Pitzculatsch 
fault"  in  my  Groden  Pass  section  ((i.J.G.S.  1899,  vol.  Iv,  pp.  667- 
569)y  and  is  that  against  which,  subsequently  to  Mid-Triassic  eras, 
the  *'Montesora  segment"  was  pinched  up  between  the  fissure  facies 
and  the  dolomitic. 

The  general  conclusions  which  I  draw  from  these  observations  will 
be  fully  set  forth  in  the  published  paper,  which  will  be  accompanied 
by  an  illustrative  series  of  parallel  sections. 


liTOTIOBS     OF     ^^E^^OII^S- 

BRrriSH  Association  for  the  Advaxckmkxt  of  Sciexce:  Sevknty- 
SEVENTH  Annual  General  Mketino  held  at  Leicester, 
August  1st,   1907. 

I. — Address    to    the    Geological    Section.      Bv    Professor  J.    W. 
Greoory,  D.Sc,  F.R.S.,  President  of  the  Section. 

I.  The  Geological  Society  of  London. — 1907  !  This  is  the  centenary 
year  of  the  Geological  Society  of  London:  next  mouth  the  British 
geologists  will  celebrate  the  event,  unci  their  pleasure  will  be 
enhanced  by  the  sympathetic  presence  of  a  distinguished  company 
of  foreign  geologists. 

With  a  just  feeling  of  satisfaction  may  we  celebrate  this  event ;  for 
to  the  Geological  Society  of  London  is  due  the  conversion  of  geolo.iry 
from  a  fanciful  speculation  to  an  ordered  science.  Yet  so  quietly  has 
this  society  done  its  work  that  the  debt  due  to  it  is  inadequately 
realised.  When  we  consider  what  the  world  owes  to  geology  in 
respect  of  its  economic  guidance,  the  intellectual  stimulus  of  its 
oonoeptionB,  the  reverence  it  iuspii^>8  for  the  venerable  and  majestic 
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universe,  its  liberating  influence  from  dogma,  wo  may  rightly  regard 
the  work  of  the  Geological  Society  as  one  of  the  most  Taluable 
British  contributions  to  intellectual  progress  during  the  nineteenth 
century. 

A  hundred  years  ago  the  spirit  of  the  eighteenth  century  still  con- 
trolled much  of  the  then  orthodox  geology.  Jameson's  '*  Elements  of 
Geognosy,"  of  which  the  preface  is  dated  January  15th,  180B,  taught, 
as  the  certain  conclusions  of  geology,  doctrines  that  had  been  readied 
by  applying  prejudiced  speculation  to  imaginary  facts.  It  was 
a  manual  of  pure,  d  priori^  Wemerian  geology.  The  author  claimed 
that  to  Werner  **  we  owe  almost  everything  that  is  truly  valuable  in 
this  important  branch  of  knowledge  " ;  and  that  it  was  Werner  **  who 
had  discovered  the  general  structure  of  the  crust  of  the  globe  and 
pointed  out  the  true  mode  of  examining  and  ascertaining  those  great 
relations  which  it  is  one  of  the  principal  objects  of  geognosy  to 
investigate." 

But  Jameson's  book  was  the  death-song  of  Wemerian  geology  in 
British  science.  A  new  geology  was  developing,  and  the  Geological 
Society  of  London  ushered  in  its  birth.  No  more  should  observationB 
be  made  through  the  distorting  medium  of  preconceived  fancies !  No 
more  should  geology  be  inspired  by  that  heedless  spirit  which  caret 
not  to  distinguish  between  fancy  and  fact!  With  youthful  vigour 
the  new  geology  would  have  nothing  to  do  with  the  search  for 
cosmogonies  and  such  like  fancy  foods ;  and  the  Geological  Society  of 
London  should  be  nourished  on  unadulterated  facts. 

The  time  was  ripe  for  the  change.  No  less  a  person  than  Goethf, 
once  an  enthusiastic  votary  of  geology,  was  now,  in  his  play  of 
"  Faust,"  holding  up  its  teachers  to  ridicule.  The  theories  **  evolved 
from  the  inner  consciousness  "  of  Continental  Neptunists  and  Flutonists 
were  to  Goethe  excellent  subjects  for  caricature.  It  was  then  the 
Enj::lishraan,  Greenough,  founded  a  society  to  turn  geolojsy  from  the 
pursuit  of  fleeting  fancies  and  lead  her  to  the  study  of  sober  but 
enduring  facts.  The  members  of  this  society  were  to  abandon  the 
quest  of  scientific  chiraoBras ;  they  were  to  leave  to  later  generations 
the  attempt  to  solve  the  universe  as  a  whole. 

The  Geological  Society  has  owed  its  influence  to  its  bold,  original 
pui*posc.  It  was  not  founded  as  a  drifting  social  union  of  men  with 
a  common  interest  in  a  single  science.  Its  object  was  to  apply  to 
geology  one  particular  mode  of  research.  It  adopted  as  its  motto 
this  tine  passage  from  Bacon : — 

*'  If  any  man  makes  it  his  delight  and  care — not  so  much  to  cling  to 
and  use  past  discoveries,  as  to  penetrate  to  what  is  beyond  them — not 
to  conquer  Nature  by  talk,  but  by  toil — in  short,  not  to  have  elegant 
and  plausible  theories,  but  to  gain  sure  and  demonstrable  knowledge; 
let  such  men  (if  it  shall  seem  to  them  right),  as  true  children  of  know- 
ledge, unite  themselves  with  us." 

The  methods  of  the  society  were  as  practical  as  its  ideals.  London, 
with  characteristic  unconventionality  and  originality,  has  used  its 
scientific  societies  as  its  university  for  post-graduate  teaching. 
Informally  the  Geological  Society  enrolled  every  British  master  of 
geology  on  its  staif  of  unpaid  professors,  then  set  each  of  them  to 
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teach  the  branch  of  geology,  which  he  knew  best.  And  these 
professors  were  no  carpet  knights ;  they  were  knights  errant  who 
derived  their  knowledge,  not  from  books  alone,  but  from  their 
wanderings  over  hills  and  dales,  in  mines  and  quarries,  by  ice-polished 
rocks  and  water- worn  valleys.  At  its  meetings  the  leaders  of  the 
society  announced  what  they  had  discovered,  gave  sure  and 
demonstrable  proofs  of  their  discoveries,  and  showed  in  what  direction 
the  geological  forces  should  be  directed  for  the  conquest  of  JN'uture. 
The  goodly  fellowship  of  the  Geological  Society  has  always  encamped 
on  the  ever -advancing  frontier  of  geological  knowledge,  where  the 
well-surveyed  tracks  pass  out  into  the  bright,  alluring  realms  of  the 
unknown. 

The  actual  founders  of  the  Geological  Society  were  apparently  men 
of  less  showy  intellect  than  the  great  Werner,  whose  teaching  had 
intoxicated  many  of  the  most  gifted  of  his  enthusiastic  pupils.  They 
were  men,  like  Homer  and  Greenough,  who  had  a  practical  insight 
that  enabled  them  to  give  a  permanent  help  to  the  progress  of  science. 
They  had  that  supreme  gift,  the  power  to  see  things  us  they  are. 
It  would  not  be  fair  to  claim  for  them  that  they  were  the  originators 
of  accurate  methods  in  geology ;  such  methods  had  been  used  before 
their  day — by  William  Smith  in  England,  by  Lehman  in  Germany, 
and  by  Desmarest  in  Prance.  But  these  men,  acting  singly,  had  not 
been  able  to  save  geology  from  the  eighteenth -century  spirit  of 
adventurous  specidation,  nor  had  they  lifted  from  geology  the  burden 
of  those  quaint  theories  that  made  this  science  the  butt  of  Voltaire's 
luminous  ridicule. 

The  great  achievement  of  the  Geological  Society  has  been  this :  as 
a  corporate  body  it  has  been  able  to  spread  its  influence  very  widely ; 
its  clear-sighted  pursuit  of  a  practical  ideal  has  been  adopted  in  other 
countries ;  its  resolute  rejection  of  the  temptation  to  wander  in  dream- 
land has  affected  geological  students  all  over  the  world.  In  this  way 
has  been  laid  a  broad  foundation  of  positive  knowledge  upon  which 
modem  geology  has  been  built. 

The  fine  self-restraint  which  induced  the  founders  of  the  Geological 
Society  to  restrict  its  work  for  awhile  to  observing  the  surface  of  the 
earth  has  had  its  reward.  The  methods  this  society  was  founded  to 
employ  have  been  so  widely  used  that  we  now  have  geological  maps 
of  a  wider  area  than  was  known  to  geographers  of  a  century  a^o. 
The  general  distribution  of  all  the  rocks  on  the  earth's  surface  has 
been  discovered;  most  settled  countries  have  been  surveyed  in  some 
detail ;  the  main  outlines  of  the  history  of  life  on  the  earth  have  been 
written  and  carried  back  almost  as  far  as  palajontologists  are  likely  to 
go.  There  are  doubtless  fossiliferous  areas  still  undiscovered  in  tlie 
'back  blocks'  of  the  world;  but,  though  negative  predictions  are 
proverbially  reckless,  it  seems  probable  that  palaeontology  will  not 
carry  geological  history  materially  farther  back.  Fossils  have  been 
discovered  in  the  pree-Cambrian  rocks ;  the  best  known  is  the  fauna 
described  by  Walcot  from  Montana ;  but  his  Beltina,  the  oldest  well- 
characterised  fossil,  is  still  of  Paloeozoic  type.  It  may  be  that  the 
poverty  of  carbonate  of  lime,  which  is  so  characteristic  a  feature  of 
most  Cambrian  and  prse-Cambrian  sediments,  indicates  that  the  bulk 
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of  the  contemporaiy  organisms  had  chitinous  shells  or  were  soft- 
bodied.  Palfeontolo^  begins  with  the  appearance  of  hard-bodied 
organisms ;  it  can  only  reveal  to  us  the  dawn  of  skeletons,  not  the 
dawn  of  life.  We  are  dependent  for  knowledge  of  the  climate  and 
geography  of  Eozoic  time  to  the  evidence  of  the  sediments,  of  which 
there  are  great  thicknesses  beneath  the  fossiliferous  rocks  in  most  parts 
of  the  world.* 

II.  The  Geology  of  the  Inner  Earth. — Now  that  this  geological 
survey  of  the  earth  is  in  rapid  progress ;  while  the  history  of  life  has 
been  written  at  least  in  outline ;  the  chief  fossils,  minerals,  and  rocks 
have  been  described  and  generously  endowed  with  names ;  and  the 
manifold  activity  of  water  and  air  in  moulding  the  surface  is  dolr 
appreciated,  it  is  not  surprising  to  find  that  the  centre  of  geological 
interest  is  shifting  to  the  deeper  regions  of  the  earth's  crust  and  to  the 
problems  of  applied  geology.  The  secrets  of  these  deeper  regions  are 
both  of  scientific  and  economic  interest.  They  are  of  scientific 
importance,  for  it  is  now  generally  recognised  that  the  main  plan  of 
the  earth's  geography  and  the  essential  characters  of  the  snccessiTe 
geological  systems  are  the  result  of  internal  movements.  The  relative 
importance  of  those  restless  external  agents  that  we  can  watch, 
denuding  here  and  depositing  there,  has  been  exaggerated ;  probably 
they  do  little  more  than  soften  the  outlines  due  to  the  silent  heavinga 
produced  by  the  colossal  energies  of  the  inner  earth. 

The  study  of  the  deeper  layers  of  the  crust  is  of  economic  interest, 
for,  with  keener  competition  between  increasing  populations  and  with 
the  exhaustion  of  the  most  easily  used  resources  of  field  and  mine, 
there  is  growing  need  for  the  better  utilisation  of  soils  and  waters,  and 
for  the  pursuit  of  deeper  deposits  of  ore. 

If  a  shaft  be  sunk  at  any  point  on  the  earth's  surface  a  formation  of 
Archa?an  scihists  and  gneisses  would  probably  always  be  reached; 
and,  working:  backward,  geological  methods  always  fail  at  last — in 
primaeval,  Archiean  darkness.  The  Archaean  rocks  still  hide  from  us 
the  earlier  period  of  the  earth's  histoiy,  including  that  of  all  rocks 
which  now  \\v.  beneath  thom.  But  already  theix?  are  indications  that 
t)ie  mystery  of  the  '  heyond '  is  not  so  iiupenetrable  as  it  seemed. 

1 .  The  Nebular  and  Mefeoritic  Hypotheses. — The  eighteenth  century 
ex]>l;iine(l  the  history  of  the  earth  by  the  nebular  h3-pothesis  of 
Laplace.  (xeologists  respectfully  adopted  this  idea  from  the 
astronomers;  they  accepted  it  as  one  of  those  essential  facts  of  the 
universe  with  which  j^eolojrical  philosophy  must  harmonise  The 
resulting  theon*  represented  the  earth  as  originally  a  glowing  cloud 
of  inoandescent  gas,  which  slowly  cooled,  until  an  irregular  crust  of 
rock  formed  around  a  gaseous  or  molten  core;  as  the  surface  grew 
cooler,  the  depressions  in  the  crust  were  filled  with  water  from  the 
con<lensing  vapour,  forming  oceans  which  became  habitable  as  the 
temperature  further  fell.     The  whole  earth  was  thought  to  have  had 

'  Such  are  the  Ali^onkinn  sediments  reprdscnted  bv  the  Horonian  and  Algonkiias 
ot  Anuricu,  the  Al^onkiau?  ot  Scaudiuanu,  the  Karelian  of  Finland,  the  Bnoraxian 
ot  North-  West  France,  the  IL-jithcotian  of  Austraha,  the  Transvaal  and  SwaziUnd 
systems  of  South  Africa,  the  Dharwarand  Bijawar  »\*3tems  of  India,  the  Itaoohimiute 
series  of  Brazil,  etc. 
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a  long  period  with  a  universal  tropical  climate,  under  which  coral 
reefs  grew  where  flow  our  polar  seas,  and  palms  flourished  on  what 
are  now  the  Arctic  shores.  Still  f uither  cooling  had  established  our 
climatic  zones;  and  it  was  predicted  that  in  time  the  polar  cold  would 
creep  outward,  driying  all  living  beings  toward  the  equator,  until  at 
length  the  whole  earth,  like  the  moon,  would  become  lifeless  through 
cold,  as  it  had  once  been  uninhabitable  through  heat.  This  theory 
has  permanently  impressed  itself  on  geological  terminology;  and  its 
corollaries,  secular  refrigeration  and  the  contortion  of  the  shrinking 
crust,  once  dominated  discussions  concerning  cliinutic  history  and  the 
formation  of  mountain  chains.  This  nebular  hypothesis,  however,  we 
are  now  told,  is  mathematically  improbable,  or  even  impossible ;  and 
it  is  only  consistent  with  the  facts  of  gcolog)-  on  the  assumption  that, 
in  proportion  to  the  age  of  the  world,  the  whole  of  geological  time  is 
so  insignificant  that  the  secular  refrigeration  during  it  is  quite 
inappreciable;  hence  geology  can  no  more  confirm  or  correct  the 
theory  than  a  stockbreeder  could  refute  evolution  by  failing  to  breed 
kangaroos  into  cows  in  a  single  lifetime. 

The  theory  of  the  gaseous  nebula  has  been  probably  of  more 
hindrance  than  help  to  geologists;  its  successors,  the  meteontic 
hypothesis  of  Lockyer  and  the  planetismal  theorj-  of  Chamberlin,  are 
of  far  more  practical  use  to  us,  and  they  give  a  history  of  tlie 
world  consistent  with  the  actual  records  of  geology.  According  to 
Sir  Norman  Lockyer's  meteoritic  hypothesis,  nebulae  comets  and  many 
ao-called  stars  consist  of  swarms  of  meteorites  which,  though  normally 
cold  and  dark,  are  heated  by  repeated  collisions,  and  so  become 
luminous.  They  may  even  be  volatilised  into  glowing  meteoric 
vapour ;  but  in  time  this  heat  is  dissipated,  and  the  force  of  gravity 
condenses  a  meteoritic  swarm  into  a  single  globe.  Some  of  the 
swarms  are,  says  Lockyer,  **  truly  members  of  the  solar  system,"  and 
some  of  them  travel  around  the  sun  in  nearly  circular  orbits,  like 
planets.  They  may  be  regarded  as  infinitesimal  planets,  and  so 
Chamberlin  calls  them  planetismal s. 

The  planetismal  theory  is  a  development  of  the  meteoritic  theory, 
and  presents  it  in  an  especially  attractive  guise.  It  regards  meteorites 
as  very  sparsely  distribute<l  through  space,  and  gravity  as  powerless  to 
collect  them  into  dense  grou])s.  So  it  assigns  the  parentage  of  the 
solar  system  to  a  spiral  nebula  composed  of  planetismals,  and  the 
planets  as  formed  from  knots  in  the  nebula,  where  many  planetismals 
had  been  concentrated  near  the  intersections  of  their  orbits.  These 
groups  of  meteorites,  already  as  solid  as  a  swarm  of  bees,  were  then 
packed  closer  by  the  influence  of  gravity,  and  the  contracting  mass 
was  heated  by  the  pressure,  even  above  the  normal  melting-point  of  the 
material,  which  was  kept  rigid  by  the  weight  of  the  overlying  layers. 

This  theory  has  the  recommendation  of  being  consistent  with  the 
history  of  the  earth  as  interpreted  by  geology.  For  whereas  the 
nebular  hypothesis  represents  the  earth  as  having  been  originally 
intensely  hot,  and  having  persistently  cooled,  yet  geological  records 
show  that  an  extensive  low-level  glaciation  occurred  in  Cambrian 
times  in  low  latitudes  in  South  Australia  ^ ;  indeed,  it  seems  probable 

1  As  shown  by  the  work  of  Professor  Howchin,  of  Adelaide. 
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that,  in  spite  of  many  great  local  variations,  the  average  climate  o!  the 
whole  world  has  remained  fairl)-  constant  throughout  geological  time. 
Whereas  it  has  often  been  represented,  in  accordance  with  the  nebular 
theory,  that  volcanic  action  has  steadily  waned,  owing  to  the  lowering 
of  the  earth's  internal  fires  and  the  constant  thickening  of  its  crust, 
yet  epochs  of  intense  volcanic  action  have  recurred  throughout  the 
world's  histoiy,  separated  by  periods  of  comparative  quiescence. 
Whereas  it  has  been  assumed,  as  a  corollary  to  the  nebular  theory, 
that  the  force  which  uplifted  mountain  chains  was  the  crumpling  o! 
the  crust  owing  to  the  contraction  of  the  internal  mass,  yet  observation 
reveals  that  the  cinist  has  been  corrugated,  and  fold  mountains  fonned 
by  contraction  to  an  extent  far  greater  than  secular  cooling  can 
explain. 

2.  The  Materials  of  the  Inner  Earth. — This  planetismal  hypothesis 
is  not  only  consistent  with  geological  records,  but  also  with  the  known 
facts  as  to  the  internal  composition  of  the  earth  and  the  structnre  of 
extra-terrestrial  bodies  as  revealed  by  meteorites.  Meteorites  are  of 
two  main  kinds — the  meteoric  irons,  which  consist  of  nickel  iron,  and 
stony  meteorites,  which  are  composed  of  basic  minerals.  Some  of  the 
stony  meteorites  have  been  shattered  into  fault  breccias,  showing  that 
they  are  fragments  of  larger  bodies  which  were  subject  to  internal 
movements,  like  those  that  have  formed  crush  conglomerates  in  the 
crust  of  the  earth.  Those  stony  meteorites,  therefore,  both  in  com- 
position and  structure  resemble  the  rocks  in  the  comparatively  shallow 
fracture  zone  of  the  earth's  crust.  The  nickel- iron  meteorites,  on  the 
other  hand,  represent  the  baiysphere  beneath  the  crust. 

The  earth  appears  to  consist  of  material  similar  to  that  of  the  two 
types  of  nieteoiites;  but  whether  the  proportions  of  the  two  materials 
in  the  earth  represent  their  proportions  in  other  bodies  and  in  meteoric 
swarms  is  problematical.  There  appear  to  be  no  satisfactory  data  for 
an  estimate  of  the  relative  abundance  in  space  of  the  iron  and  stony 
meteoric  material.  Stonv  meteorites  have  been  seen  to  fall  far  more 
frecjuently  than  iron  meteorites;  but  the  largest  known  meteorites 
are  of  the  nickel -iron  p'oup,  although  this  material,  in  moist  climates, 
very  soon  decays.  The  most  reliable  indication  as  to  the  relative 
amounts  of  the  stony  and  nickel-iron  meteorites  is  given  by  a  com- 
parison of  the  weight  of  the  two  types  of  material  in  meteorites  of 
which  the  fall  was  seen.  According  to  Mr.  Fletcher's  list  of  the 
meteorites  in  the  British  Museum  up  to  1904,  the  collection  included 
319  specimens  of  which  the  fall  is  recorded:  of  them  305  specimens 
were  stony  meteorites  of  an  average  weight  of  2*63  lbs.,  9  were  iron 
meteorites  of  an  average  weight  of  2*31  lbs.,  and  5  were  siderohtes 
(or  meteorites  containing  a  large  proportion  of  both  silicates  and 
nickel-iron)  of  an  average  weight  of  54  lbs.*  Therefore,  according  to 
this  test,  the  stony  materials  would  appear  to  be  the  more  abundant 
Eut  if  all  known  meteorites  are  considered,  the  iron  group  far  out- 
weighs the  other;    for  the  iron  meteorites  in  the  British  Museum 

'  The  w»^ii:hts  are  f^iveu  in  pound-j  ayoirdupois.  For  the  calculatton  I  am 
iiuk'bted  to  Mr.  AV.  K.  AViseniun,  of  the  Geological  Department  of  Glasgow 
University. 
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collection  weighed  11,873  lbs.,  as  against  a  total  weight  of  only  865  lbs. 
of  stony  meteorites.'  The  available  evidence  suggests  that  the  stony 
meteorites  fall  the  more  frequently  on  the  earth,  but  the  meteoric 
irons  come  in  such  large  masses  that  they  outbalance  the  showers  of 
the  smaller  stone:*. 

We  might  have  expected  help  from  another  source  in  examining 
what  lies  below  the  Archaean  rocks.  Cannot  the  relative  proportions 
of  the  stony  and  metallic  constituents  in  the  earth  help  us? 
Unfortunately,  this  proportion  is  as  uncertain  as  that  of  stony 
and  iron  meteoritic  material.  The  best-established  fact  about  the 
interior  of  the  earth  is  that  its  materials  are  much  heavier  than  those 
of  its  crust.  The  specific  gravity  of  the  earth  as  a  whole  is  about 
5*67  ;  the  specific  gravity  of  the  materials  of  the  crust  may  be  taken 
as  about  2*5,  while  that  of  the  heavier  basic  rocks  is  only  about  3'0. 
Hence  the  earth  as  a  whole  weighs  about  twice  as  much  as  it  would 
do  if  it  were  built  of  materials  having  the  same  density  as  those 
which  form  the  crust. 

Two  explanations  of  the  greater  internal  weight  of  the  earth  have 
been  given.  According  to  one,  the  earth  is  composed  throughout 
of  the  same  material,  and  the  internal  mass  is  only  hoarder  because 
it  is  compressed  by  the  weight  of  the  overlying  crust.  Laplace 
estimated  that  the  material  would  gradually  increase  in  density  from 
the  surface  to  the  centre,  where  its  specific  gravity  would  be  10*74, 
and  the  calculations  of  Schlichter  show  that  condensation  due  to 
compression  may  be  adequate  to  account  for  the  greater  internal 
weight. 

According  to  the  alternative  or  segregation  theory,  the  difference 
in  density  is  explained  as  due  to  a  difference  in  composition ;  the 
interior  of  the  earth  is  thought  to  be  heavier  owing  to  the  concen- 
tration of  metals  within  it.  The  probability  of  this  metallic  interior 
has  been  advanced  from  several  lines  of  evidence ;  and  the  assumed 
metallic  mass  has  received  from  Posepny  the  name  of  the  *  bar3-sphere,' 
or  heavy  sphere.  According  to  this  view  the  earth  is  essentially 
a  huge  ball  of  iron,  which,  like  modem  projectiles,  is  hardened  with 
nickel;  and  it  is  covered  by  a  stony  crust,  the  materials  of  which 
were  primarily  separated  from  the  metallic  mass,  like  the  slag  formed 
on  a  ball  of  solidifying  iron  in  a  puddling  furnace. 

It  has  been  objected  that  the  weight  of  the  earth  is  not  great 
enough  for  much  of  it  to  be  composed  of  metallic  iron  or  of  meteoritic 
material.  The  specific  gravity  of  iron  under  the  pressure  at  the 
earth's  surface  is  about  7*7,  and  it  would  be  even  greater  when 
compressed  in  the  interior.  But  the  barysphere  is  doubtless  im- 
pregnated with  much  stony  material  that  would  lessen  its  weight. 
An  estimate  by  Farrington  (1897)  of  the  average  specific  gravity  of 
the  meteorites  of  which  the  fall  had  been  recorded  is  only  3*69. 
According  to  the  Rev.  E.  Hill  (1885)  the  mean  specific  gravity  of 
all  the  meteorites  in  the  British  Museum  was  4'5  ;  and,  though 
Mr.  Hill  duly  considered  the  effect  of  compression,  he  concluded  that 
"  the  density  of  the  earth  is  perfectly  consistent  with  its  being  an 
aggregation  of  meteoric  materials."  Moreover,  within  the  metallic 
bexysphere  there  may  be  a  core  of  lighter  material ;  for  earthquake 
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waves  travel  more  slowly  in  the  central  core  of  the  earth  than  in  the 
inteiTaediate  zone,  or  are  even  suppressed  altogether  there;  hence 
the  centre  of  the  earth  may  be  occupied  by  matter  less  compact  than 
that  of  the  shell  around  it ;  and,  according  to  Oldham's  calculations, 
the  light  central  core  occupies  two-fidPths  of  the  diameter  of  the  earth. 

The  evidence  of  density  alone,  therefore,  gives  no  convincing 
evidence  of  the  nature  of  the  earth's  interior;  and  geologists  have 
been  left  with  no  conclusive  reason  for  choosing  between  the  con- 
densation and  segregation  theories.  Radio-activity  has,  however, 
unexpectedly  come  to  our  aid,  and  has  disclosed  a  farther  striking 
resemblance  between  the  internal  mass  of  the  earth  and  the  iron 
meteorites.  It  has  supplied  direct  evidence  about  the  constituents 
of  the  earth  at  depths  which  have  hitherto  been  far  beyond  the  range 
of  observation.  Mr.  Strutt  has  shown  that  radium  is  probably  limited 
within  the  earth  to  the  depth  of  45  miles,  that  the  deeper-lying 
material  is  free  from  radium,  and  that  this  substance  is  not  found  in 
iron  meteorites. 

The  agreement  in  radio-active  properties  between  the  iron  meteorites 
and  the  interior  of  the  earth  is  an  additional  and  weighty  argument 
in  favour  of  the  A-iew  that  the  earth  is  largely  composed  of  nickel  iron. 

3.  Physical  Conditions  and  Temperatures. — The  physical  condition 
in  which  the  material  exists  is  now  of  secondary  interest.  The  old 
controversy  as  to  whether  the  earth  has  a  molten  interior  inclosed 
within  a  solid  shell  bus  lost  its  importance,  because  it  has  become 
a  mere  matter  of  definition  of  terms.  The  facts  which  led  geologists 
to  believe  that  the  interior  of  the  earth  is  fluid  are  consistent  with 
those  whicli  prove  that  the  earth  is  more  rigid  than  a  globe  of  steel. 
For  under  the  immense  pressure  within  the  earth  the  materials  can 
transmit  vibrations  and  resist  compression  like  a  solid  ;  but  they  can 
chan<re  their  shape  as  easily  as  a  fluid.  They  are  fluid  just  as  lead 
is  wlien  it  is  forced  to  flow  from  a  hydraulic  press.  Not  only  are 
geologists  now  justified  in  their  belief  that  the  deeper  layers  of  the 
eartli's  crust  are  in  a  state  of  fluxion,  but,  according  to  Arrhenius 
( 1900),  the  earth  is  solid  only  to  the  depth  of  25  miles,  below  which 
is  a  liquid  zone  extending  to  the  depth  of  190  miles ;  and  below  that 
level,  he  tells  us,  *'  the  temperature  must,  without  doubt,  exceed  the 
critical  teinpeniture  of  all  known  substances,  and  at  this  depth  the 
liquid  magma  passes  gi'adually  to  a  gaseous  magma."  This  distinguished 
]»hysicist  gives  a  description  of  the  earth's  interior  which  reminds 
us  of  the  views  of  the  early  geologists.  Arrhenius's  theory  rests, 
however,  on  the  existence  within  the  earth  of  exalted  temperatures; 
and  this  assumption  a  geologist  may  now  hesitate  te  accept  with  lew 
risk  of  getting  into  disgrace  than  he  would  have  run  a  few  years  ago. 
It  is  improbable  that  the  rapid  increase  of  heat  with  depth  which  is 
observed  near  the  surface  should  continue  below  the  lithosphere ;  for, 
if  the  earth  consists  in  the  main  of  iron,  even  although' it  be  arranged 
as  a  mesh  containing  silicates  in  the  interspaces,  the  heat  conductivity 
might  be  sufficient  to  keep  the  whole  metallic  sphere  at  a  nearly 
orjual  temperature.  Here,  again,  Mr.  Strutt's  work  on  radio-activity 
is  in  full  agreement  with  the  requirements  of  geologists,  for  he 
estimates  that  below  a  crust  45  miles  thick  the  earth  has  a  unifonn 
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aperatare  of  only  1,500^  0.  Whether  the  farther  conclusion  that 
8  heat  is  dae  to  the  action  of  the  radium  in  the  crust  he  estahlished 
not,  it  is  gratifying  to  hear  a  physicist  arguing  in  favour  of  a 
derate  and  uaiform  internal  temperature. 

kUl  that  the  actual  observations  prove  and  that  geological  theories 
[uire  is  that  the  material  within  the  earth  be  intensely  hot,  and 
it  it  lie  under  such  overwhelming  pressure  that  it  would  as  readily 
inge  its  form  and  as  quickly  fill  up  an  accessible  cavity  as  any 
aid  would  do.  Whether  such  a  condition  is  to  be  described  as 
id,  liquid,  or  gaseous  is  of  little  concern  to  geologists. 
III.  The  Deep-seated  Control  over  the  Karth^tt  Surface, — The  modem 
rw  of  the  structure  of  the  earth  adds  greatly  to  the  interest  of  its 
idy,  for  it  recognises  the  world  as  an  individual  entity  of  which 
^  the  geological  structure  and  the  history  have  to  be  considered  as 
rfaole.  Once  the  earth  was  regarded  as  a  mere  lifeless,  inert  mass 
dch  has  been  spun  by  the  force  of  gravity,  that  hurls  it  on  its 
irse  into  the  shape  of  a  simple  oblate  spheroid.  Corresponding 
th  this  astronomical  teaching  as  to  the  shape  of  the  world  was 
)  geological  doctrine  that  all  its  topography  is  the  work  of  local 
^graphical  agents,  whoso  control  over  the  surface  of  the  earth  is  as 
jolute  as  that  of  the  sculptor's  chisel  over  a  block  of  marble. 
Both  these  conceptions  arc  now  only  of  historic  interest.  The 
Bgular  individual  shape  of  the  earth  is  expressed  by  its  descriptif)n 
a  geoid.  The  processes  which  have  produced  its  varying  shape 
re  also  controlled  its  geological  history  and  evolution,  for  they 
ise  disturbances  of  the  crust,  which  afTect  the  whole  earth 
lultaneously ;  and  so  the  geographical  agents  are  given  similar 
irk  and  powers  at  the  same  time  in  different  places. 
Hence  there  is  a  remarkable  worldwide  uniformity  in  the  general 
iracters  of  the  sedimentary  deposits  of  each  of  the  geological 
(terns.  The  last  prae-Cambrian  system  includes  thick  masses  of 
spathic  sandstones  alike  in  the  Torridonian  of  Scotland,  the 
iragmite  of  Scandinavia,  the  Keweenawan  Sandstones  of  the  United 
ites,  and  perhaps  also  the  quartzites  of  the  Iland.  The  Cambrian 
}  its  greywackes  and  coarse  slates  and  its  numerous  phosphatic 
lestones ;  the  Ordovician  its  prevalent  shales  and  slates ;  the 
arian  its  episodal  limestones  and  shales.  The  Devonian  has  its 
ie  areas  of  Old  Red  Sandstones  as  a  continental  type,  while  its 
rine  representatives  show  the  prevalence  of  coarse  grits  and  sand- 
nes  in  the  lower  series,  of  limestones  and  slates  in  the  middle  series, 
1  the  recurrence  of  sandstones  in  the  upper  series;  and  this  sequence 
surs  alike  in  North-Westem  Europe,  in  America,  and  Australia. 
e  Carboniferous  contains  the  first  regional  beds  of  thick  limestone 
1  the  first  important  Coal-measures.     The  Trias  is  as  characterised 

rocks  indicating  arid  continental  conditions  in  America  and 
fltralia  and  South  Africa,  as  Professor  Watts  has  shown  then 
trailed  in  the  neighbourhood  of  Leicester.     In  the  Mesozoic  era 

Ofwe  to  Suess  the  demonstration  of  the  worldwide  influence  of 
106  marine  encroachments  or  *  transgressions '  whereby  the  great 
itinents  of  the  Trias  were  gradually  submerged  by  the  rising  sea. 
Speaking  generally,  there  is  a  remarkable  lithological  resemblance 
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between  contemporary  formations  in  all  parts  of  the  world.  This 
fact  had  been  often  remarked,  but  was  usually  dismissed  as  due  to 
a  number  of  local  isolated  coincidences  of  no  special  significance.  But 
the  coincidences  are  too  numerous  and  too  striking  to  be  thus  li^tly 
dismissed.  They  are  among  the  indications  that  the  main  earth- 
changes  have  been  due  to  world-wide  causes,  which  led  to  the 
predominance  of  the  same  types  of  sedimentary  rocks  during  the  same 
period  in  many  regions  of  the  world. 

The  conditions  that  govern  the  geological  evolution  and  general 
geography  of  the  earth  are  probably  due  to  the  interaction  between 
the  earth's  crust  and  the  contracting  interior;  they  may  take  place 
as  slow  changes  in  the  form  of  the  earth,  causing  the  slow  rising  or 
lowering  of  the  sea  surface,  or  the  slow  uplift  or  depression  of  regions 
of  the  earth's  crust;  or  they  may  give  rise  to  periods  of  violent 
volcanic  action  in  many  parts  of  the  earth,  between  which  may  be 
long  periods  of  quiescence.  The  geographical  effects  of  changes  in  the 
earth's  quivering  mass  affect  distant  regions  at  the  same  time.  There- 
fore the  landmarks  of  physical  geology  will  probably  be  found  to  give 
more  precise  evidence  as  to  geological  synchronism  than  those  of 
palaeontology,  on  which  wo  have  hitherto  had  to  rely. 

{To  be  concluded  in  our  next  Number.) 
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III. — Notes    on    the    Gxoloot  of   LEicBsrsasHiRK.      By    C.    Fox- 

Sthangways,   F.G.S. 

rilHE  chief  features  of  the  distiict  werer  briefly  described,  with 
X  ^  general  account  of  the  formations  that  are  exposed  throughout 
the  couDty.  These  are  comprised  in  the  following  main  divisions 
in  descending  order :  Recent  and  Pleistocene,  Jurassic,  Triassic, 
Permian,  Carbouiferous,  and  Pre -Cambrian.  The  first  of  these 
includes  the  river  deposits  and  glacial  beds.  The  Jurassic  rocks 
comprise  only  the  two  lower  subdivisions  of  the  Lincolnahire  Lime- 
stone and  the  Northampton  Sand,  together  with  the  Lias.  The 
Trias  occurs  in  the  usual  two  divisions  of  Keuper  and  Bunter.  The 
Permian  consists  of  breccia  and  marls,  the  age  of  which  is  to  some 
extent  doubtful.  The  Carboniferous  is  well  exemplified  in  the  three 
subdivisions  of  Coal-measures,  Millstone  Grit,  and  Limeatone;  but 
the  lower  beds  are  not  of  the  importance  they  attain  elsewhere.  The 
Pre- Cambrian  rocks  are  divisible  into  three  main  groups,  as  shown  by 
Professor  W.  \V.  Watts — the  Brand  Series,  the  Maple  well  Series,  ai^ 
the  Blackbrook  Series.  Special  attention  was  directed  to  the  more 
important  exposures  of  these  rocks,  and  to  the  principal  points  in  the 
local  geology  that  are  obscure  and  require  further  elucidatum. 


IV. — TnE   Nokth-West   District  of  Charnwood   Forest.     By 

Bernard   Stracey,  M.B.,  F.G.S. 

AS  the  north-west  of  Chamwood  Forest  is  approached  the  rocks 
become  more  altered,  the  faulting  is  greater,  and  igneous  rocks 
are  met  with.  The  vent  which  ejected  the  rocks  of  the  forest  seems 
to  lie  in  this  direction. 

Bardon  Hill. — The  centre  and  part  of  the  north  flank  are  composed 
of  rock  resembling  an  igneous  rock ;  evidence  is  given  to  show  that 
this  rock  differs  from  the  agglomerates  found  in  the  north-west  area, 
with  which  it  has  hitherto  been  correlated.  Certain  rocks  betweeR 
the  Bardon  rock  and  the  Peldar  porphyroid  seem  to  bear  saaoa  zidatioK 
to  the  felsitic  agglomerate. 
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Bircbill  Plantation. — Recent  research  in  this  exposure  has  shown 
the  identity  of  the  rock  with  that  found  at  Bardon  Hill.  On  the 
north  side  rocks  belonging  to  the  Felsitic  Agglomerate  Series  have 
also  been  found. 

Peldar  Tor. — The  porphyroid  exposed  in  the  large  quarries  contains 
inclusions  of  other  rocks,  which  hare  been  generally  considered  as 
segregation  masses.  An  undoubted  dyke  in  the  middle  of  Peldar  Tor 
has  been  exposed. 

Ratchet  Hill. — An  exposure  in  this  hill  shows  the  presence  of 
rocks  on  the  felsitic  agglomerate  horizon.  At  the  north-west  end 
a  porphyroid  occurs  which  seems  to  be  identical  with  the  porphyroid 
at  Cadman  Wood. 

Swannymote  and  Trilobate. — Rock  belonging  to  the  Felsitic 
Agglomerate  Series  runs  between  these  two  places ;  it  has  been  much 
altered,  and  has  not  hitherto  been  recognised  as  belonging  to  the 
felsitic  agglomerate. 


V. — A  CoaTBiBunov  to  the  Palsontoloot  or  thk  Nobth  Bebbt- 
sHiBE  AND  Notts  CoALnELn,  ob  the  Southebn  Pabt  of  the 
i^oBTH  MiDLAHD  CoALFiELD.  By  A.  R.  HoEwooD,  Sub-CuTator, 
Leicester  Corporation  Museum. 

A  SUMMARY  was  given  of  the  extent  and  position  of  the  North 
Midland  Coalfield.  Allusion  was  then  made  to  the  previous 
work  connected  with  the  palseontology  of  the  district  This  was  very 
limited,  and  the  correlation  of  the  Top  Hard  Coal  with  the  Main 
Coal  of  Leicestershire,  and  of  the  Black  Shale  with  the  Arley  Mine 
of  Loneariiire,  had  not  been  founded  on  fossil  evidence. 

Beeeotly  the  resurvey  of  the  district  by  the  Geological  Survey  and 
some  important  borings  had  added  much  to  our  knowledge  of  the 
foml  flora  and  fauna  met  with. 

Asa  result  of  these  investigations,  and  by  the  aid  of  a  summary  of 
all  the  previously  recorded  organic  remains  from  this  area,  the  author 
was  able  to  arrive  at  the  following  conclusions : — 

1 .  That  the  flora  of  the  Top  Hard  Coal,  as  afforded  by  specimens 
from  Pleosley,  indicates  that  it  is  of  the  same  age  as  that  of  the  Main 
Co«l  ol  Leicestershire  and  South  Derbyshire  (in  both  the  Western 
or  Moira  and  Eastern  or  Cole  Orton  Districts),  i.e.  of  Middle  Coal* 
measure  age,  occupying  a  position  rather  more  than  midway  in  that 
division  of  the  Coal-measures. 

2.  The  fauna  of  the  horizon  at  Mansfield,  Notts,  630  feet  above 
the  Top  Hard  Coal,  indicates,  as  pointed  out  by  Mr.  Walcot  Gibson, 
a  faotizon  equivalent  to  the  Gin  Mine  or  Twist  Coal  of  the  North 
Staffordshire  Coalfield,  i.e.  near  the  top  of  the  Middle  Coal-measures 
and  commencement  of  the  Transition  series,  or  Black  Band  group, 
which  would  occupv  a  position  slightly  higher.  Eastward  and  above 
this  horison  the  whole  of  the  Upper  Coal-measures  are  represented, 
though  feebly  developed. 

8.  The  Coal-measures  of  North  Derbyshire  are,  as  a  whole,  entirely 
conflsed  to  the  limits  of  the  Grey  or  chief  coal-bearing  series  (Lower 
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and  Middle  Coal-measures),  like  the  Leicestershire  and  South  Derby- 
shire Coalfield,  of  which  it  is  a  continuation ;  and  none  of  the  Bed 
series  (or  Transition  series  and  Upper  Coal-measures)  of  the  North 
Staffordshire  type  are  met  with  in  this  area  west  of  a  line  somewhat 
east  of  the  Nottinghamshire  and  Derbyshire  County  boundary  between 
Bolsover  and  Stanton,  though  this  line  probably  curves  westward  in 
the  north,  just  south  of  Ro&erham,  and  eastwards,  south  and  soutii- 
east  of  Nottingham. 

A  summary  of  the  fossil  flora  and  fauna  of  North  Derbyshire  and 
Nottinghamshire,  as  at  present  known,  was  given,  with  the  horizon 
and  locality  of  the  specimens  cited.  This,  tihough  preliminary,  was 
in  extension  of  the  work  already  accomplished  in*  the  Leioestershire 
and  South  Derbyshire  Coalfield,  shortly  to  be  published,  and  in  other 
fields,  and  supplementary  to  the  work  of  Ward,  Hind,  and  Stobbs  in 
the  North  Staffordshire  Coalfield  on  the  mollusca  and  fish  fauna  of 
that  area,  and  of  Kidston  on  the  fossil  floras  of  Yorkshire  and  North 
and  South  Staffordshire. 


YI. — On  the  Pisolitic  Ibok-obss  of  Wales.    By  W.  G.  Fbabvsioes, 

M.A.,  F.G.S. 

THE  first  part  of  the  paper  discusses  the  occurrence  of  the  well- 
known  iron-ores  of  Caernarvon  and  Merioneth,  and  shows  that 
though  they  have  been  taken  by  various  writers  as  marking  a  weU- 
constituted  subdivision  of  the  Tremadoc  slates  they  are  really  of  the 
nature  of  fissure  phenomena,  and  may  occur  at  almost  any.  horizon. 

The  various  worked  exposures  seem  always  to  agree  in  the  following 
particulars : — 

(1)  They  are  associated  with  the  occurrence  of  large  hypabyssal  or 
minor  plutonic  intrusions  of  sill-like  habit,  and  occur  among  stratified 
rocks  along  the  limit  of  the  sill's  metamorphic  area. 

(2)  They  occur  in  more  or  less  lenticular  masses,  of  no  considerable 
lateral  extent,  often  heaped  together  and  separated  by  crushed  shale 
partings  in  a  way  which  may  suggest  bedding,  but  often  thinning  out 
yet  maintaining  a  linear  arrangement  across  considerable  tracts  of 
country. 

(3)  Considerable  lenticles  of  ore  are  always  associated  with  dark- 
blue  or  black  shales  or  slates,  which  nearer  to  the  igneous  intrusion 
have  become  bleached  and  spotted  through  the  influence  of  that 
intrusion.  On  the  side  of  the  ore  body  nearest  the  intrusion  the 
country  rock  is  usually  little  disturbed,  and  lies  evenly,  but  on  the 
side  remote  from  the  intinision  the  country  rock  is  crossed  and  recrossed 
by  planes  of  slickenslide,  and  is  often  intensely  nodular. 

The  more  important  stratigraphical  horizons  which  have  developed 
pisolitic  ore  bodies  in  tlie  North  Welsh  district  are : — 

(1)  Lower  Lingula  flags.     Bettws  Garmon.     Black  shales  which 

underlie  the  grey  flagg}'  sandstones  with  LingvMla  beds. 

(2)  Upper  Lingula  flags.    North  flank  of  Aron  Mawddy.    Adjoining 

shales  contain  Peltura  scarahaoides, 

(3)  Upper  Arenig  Shales.     Moelwyn  Bach;  Milltirgerig,  Arenig; 

below   Llyn  y   gader,    Cader  Iris.     Country  rock  contains 
abundant  Didymograptus  hifidm. 
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(4)  Llandeilo  Shales  (Glenkiln  facies).  Tiddyn  Diewm,  Tremadoc. 
Country  rock  contains  graptolites  of  the  Didymograptui 
MurehUoni  and  Ccmograptus  gracilis  zones. 

The  workings  of  Pistyll  near  the  Rivals  seem  to  belong  to  a  horizon 
higher  than  any  of  these,  and  may  be  among  the  Hartfell  (Bala)  shales. 

The  second  portion  of  the  paper  deals  with  the  probable  petrological 
and  chemical  history  of  the  iron-ores. 

Evidence  is  brought  forward  to  show  that  the  ore  bodies  have  been 
only  profitable  near  the  present  surface,  and  when  smelted  with  wood 
charcoal.  They  are  always  very  rich  in  pyrites  or  marcassite,  which 
in  certain  specimens  from  the  deep  termination  of  an  adit  makes  up 
about  60  or  70  per  cent,  of  the  rock.  The  ores  are  always  impure, 
and  contain  much  crushed,  streaky  or  fibrous  shale  between  the 
pisoles.  Where  freshest  the  pisoles  of  sulphides  show  only  radial 
anangement  of  the  constituent  fibres,  but  there  may  also  be  concentric 
Btructures  which  are  masked  by  the  opacity  of  the  mineral.  The 
radial  fibres  of  snlphidic  minerals  usually  grow  out  from  or  around 
quartz  grains  or  other  clastic  fragments  of  country  rock  or  of  earlier 
formed  pisolite  grains.  During  oxidation  the  sulphidic  material  is 
attacked  in  stages  from  the  outside  and  passes  by  obscure  processes, 
first  to  a  colourless  and  soluble  green  pleochroic  mineral,  and  afterwards 
to  fibrous  limonite  and  compact  magnetite,  and  it  is  the  differential 
development  of  the  various  stages  which  gives  the  resultant  pisoles  of 
the  profitable  ore  their  well-marked  concentric  structure. 

That  all  the  pisolitic  grains  contained  in  the  iron-ores  of  North 
Wales  have  been  formed  as  radial  growths  of  iron  sulphides  is  not  yet 
clear,  but  the  method  of  their  geological  occurrence  will  well  accord 
with  the  hypothesis  that  they  may  be  the  concentration  products  of 
the  non-carbonaceous  colouring  matters  driven  off  by  the  heat  of  the 
intrusion  from  the  black  shales  considered  above. 

An  occurrence  of  perfectly  fresh  masses  of  radial  pyrites  at  the  limit 
of  a  12-20  feet  metamorphic  aureole  in  the  Llandeilo  shale  of  Harper 
doarry,  Builtb,  shows  that  such  concentration  can  occur  on  a  small 
scale,  while  the  finding  of  considerable  lenticles  of  iron-ore  which  are 
wholly  pyrites,  and  have  been  concentrated  during  the  turning  of  coal 
bto  anthracite  in  the  Enilyn  Mine,  Llandeby,  near  Llandeilo,  would 
seem  to  show  that  recrystallized  pyrites  does  tend  to  take  on  a  pisolitic 
habit. 


i^  E  "V^  I  E  -vr  s  - 

Australian  GKOLour. 

Stakfokd's  Compendium  of  GEOGRAPnr,  etc.  New  issue,  1907. 
AusriRALASiA.  Vol.  I :  Australia  and  New  Zealand.  By  J.  W. 
Gbegort,  D.Sc,  F.R.S.,  Professor  of  Geology  in  the  University 
of  Glasgow.     (London  :  Edward  Stanford.) 

rpHE  whole  of  this  volume  abounds  with  geographical  and  geological 
X  references,  as  might  be  expected  from  the  author,  and  is  also 
Bzceedingly   well  illustrated   with   maps,    etc.      Chapter   iv,    **  The 
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Q^ographical  Structure  and  Resources  of  Australia,"  pp.  84-115. 
oontains  the  geological  map  facing  p.  104,  and  there  is  also  a  physical 
map  facing  p.  84,  with  a  small  map  on  p.  93  showing  the  main 
geographical  divisions.  Gregory  considers  that,  with  the  exception  of 
the  east  coast  of  Australia,  the  coasts  as  a  rule  have  no  intimate 
connection  with  the  geological  structure  of  the  adjacent  lands.  The 
course  of  these  coasts  has  heen  determined  hy  great  subsidences, 
which  have  formed  the  ocean  basins  round  Australia,  instead  of  bv 
movements  parallel  to  the  shore.  The  great  arm  of  the  sea  on  the 
south  coast,  known  as  Spencer  Gulf,  has  been  formed  by  subsidence 
along  two  lines  of  fault,  being  in  fact  a  rift-valley.  This  depresoon 
seems  to  be  continued  in  the  great  central  plain  system  terminating  in 
the  Gulf  of  Carpentaria  on  the  north. 

There  are,  in  fact,  three  very  unequal  and  dissimilar  areas  con- 
stituting the  Australian  continent.  Commencing  from  the  eastward, 
the  first  and  bv  far  the  most  interesting  division  is  that  of  the  East 
Australian  highlands  and  its  dependencies ;  this  mountain -system 
roughly  conforms  to  the  east  coast  from  Torres  Strait  to  Bass  Strait, 
curving  round  to  face  the  latter,  where  it  constitutes  the  highlands 
of  Victoria.  It  is  in  the  angle  thus  formed,  in  the  extreme  south-east 
of  the  continent,  where  the  mountain-system  attains  its  maximmn 
development.  On  the  seaward  side  of  the  East  Australian  hig;hlands  are 
areas  of  coastal  plain,  which  in  New  South  Wales  are  of  considerable 
width,  and  usually  contain  the  most  important  centres  of  population. 
On  the  landward  side  of  the  mountain-system,  both  in  Queensland  and 
New  South  Wales,  the  country  gradually  slopes  towards  the  central 
depressed  area,  shooting  off  its  surplus  water  either  by  the  Murray 
system  into  the  sea,  or  by  interior  drainage  towards  the  Lake  Eyre 
hasin.  The  geological  structure  of  these  eastern  highlands  is  complex, 
and  bears  but  little  resemblance  to  a  typical  mountain  chain.  There 
is  a  considerable  mass  of  crystalline  rock,  described  as  Archsean  and 
plutonic,  in  the  northern  part  of  the  Queensland  section,  which  is 
unassociated  with  any  development  of  the  older  Palaeozoics,  but  has 
the  sea  on  one  side  and  rocks  of  Cretaceous  age  on  the  other.  In 
the  central  portion  of  the  highlands,  between  lat.  25°  and  30°  S.. 
Archaean  rocks  are  indicated  which  in  some  cases  are  flanked  by  the 
older  Palaeozoics,  whilst  in  the  south-east  comer  (New  South  Wales 
and  Victoria)  there  are  several  masses  of  Archaean  rock  associated  with 
a  much  larger  development  of  the  older  Palaeozoics.  The  most 
im]fortant  display  of  Carboniferous  rocks  is  to  be  found  in  the  region 
lying  between  20"^  and  35°  8.  lat.  This  subject  had  best  be  con- 
sidered under  the  separate  Colonies.  Patches  of  Triassic  and  Jurassic 
rock  occur  here  and  there,  and  there  is  a  large  development  of 
Tertiary  volcanics  throughout  this  division,  which  appears  to  attain 
their  widest  extension  in  the  Great  Valley  of  Victoria.  The  entire 
mountain  -  system  consists  in  a  geographical  sense  of  a  series  of 
plateaux,  and  Professor  Gregory  assures  us  that  the  highest  summit  in 
Australia,  Mount  Kosciusko  (7,336  feet),  is  only  a  blunt  hummock  on 
the  surface  of  a  high  plateau.  These  plateaux  have  been  greatly 
dissected,  so  that  the  gorges  are  numerous  and  deep,  and  he  farther 
points  out  thiit  the  best-known  mountains  visible  from  the  coast  are 
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>iily  the  scarps  of  the  inland  plateau.  This  rule  applies  also  to  the 
:hird  grand  division,  viz.  Westralia. 

The  second  grand  division  also  runs  south  and  north  from  the 
louthem  sea  to  the  Ghilf  of  Carpentaria,  and  is  described  as  the  region 
)f  the  Oreat  Plains,  formed,  Professor  Gregory  thinks,  by  subsidence. 
k  large  portion  of  this  is  less  than  500  feet  above  sea-level;  the 
ihores  of  Lake  Erre  are  said  to  be  39  feet  below  that  level.  It  is,  in 
fact,  an  extensive  basin  whose  further  submergence  would  tend  to 
x>nvert  the  continent  of  Australia  into  two  separate  islands.  The 
^ater  part  of  this  depressed  area  is  occupied  by  rocks  of  Cretaceous 
ige  as  determined  by  their  fossils. 

The  third  grand  division  is  larger  than  the  other  two  combined,  and 
consists  of  an  endless  series  of  upland  plateaux  of  moderate  elevation 
ip  to  about  2,000  feet,  much  of  which  is  practically  a  desert.  This 
.mmense  mass  consists  to  a  great  extent  of  Archtean  rocks  associated 
n  the  north-east  with  a  wide  stretch  of  older  Paleeozoics,  though 
jarts  of  the  interior  may  be  still  unexplored.  It  appears  to  have 
)een  unsabmerged,  like  peninsular  India,  for  a  long  period,  and  has 
i  fringe  of  newer  rocks  on  its  western  margin,  in  which  the  early 
lettlements  of  Western  Australia  are  situated.  The  mineral  resources 
A.  this  and  the  two  other  grand  divisions  of  the  Australian  continent 
nay  be  gathered  from  Professor  Gregory's  separate  notices  of  the 
ndlvidual  Colonies. 

N9W  South  Wales, — As  previously  noted  in  considering  the  character 
if  the  East  Australian  highlands,  the  south-eastern  comer  is  com- 
)osed  of  Archaean  and  Lower  PalaDozoic  rocks,  mostly  strikinj?  north 
ind  south.  These  older  rocks  gradually  decrease  in  height  as  they 
ire  followed  northwards,  until  they  disappear  below  the  Upper 
?aheozoic  rocks  which  contain  the  great  coalfields.  To  the  north 
A  this  area  the  older  rocks  reappear  and  are  continued  to  the  Queens- 
and  frontier.  The  mountains  result  in  the  main  from  the  dissection 
4.  plateaux  by  river-action.  These  are  in  a  very  youthful  stage  of 
Usaection,  and  their  man-ellous  gorges  and  cliffs — expressions  of 
roath — provoke  the  wonder  of  the  beholder  by  rciison  of  their  diverse 
orms.  The  lavas  of  Tertiary  age,  which  occur  in  some  places,  also 
end  themselves  to  this  kind  of  scenery,  and  there  are  peaks  west  of 
be  Bine  Mountains  which  consist  of  trachyte  and  andesite.  On  the 
last  side  of  the  mountain- system  the  coastal  plains  have  an  average 
ridth  of  40  miles,  though  in  the  valley  of  the  Hunter  River  the 
ridth  reaches  150  miles.  The  western  plains,  on  the  other  side  of 
he  mountain -system,  include  some  of  the  largest  true  plains  in  the 
forld.  They  are  mostly  dry,  but  sometimes  in  places  so  flooded  that 
learners  have  been  known  to  discharge  their  cargoes  25  miles  away 
rom  the  mnin  channels. 

As  regards  the  geological  structure  of  New  South  Wales,  Professor 
Iregory  observes  that  the  block  of  older  rocks  was  divided  into  two 
larts  in  Middle  Palaeozoic  times  by  the  great  valley  now  occupied  by 
he  basin  of  the  Hunter.  This  basin  was  filled  with  Carboniferous 
adiments,  which  were  deposited  upon  the  upturned  edges  of  pre- 
zivting  strata.  In  contrast  to  the  north  and  south  strike  of  the  older 
oeksy  these  Carboniferous  beds  strike  from  east  to  west.     Referring 
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to  the  pre- Carboniferous  beds,  he  observes  that  Upper  Ordovician, 
known  by  its  graptolitc  fauna,  is  widely  distributed  throughout  New^ 
South  Wales,  the  limestones  being  full  of  corals,  the  shales  yielding 
many  trilobites  and  the  sandstones  many  brachiopods. 

The  beds  of  Carboniferous  age  are  interesting  from  their  economical 
importance,  for  at  present  this  colony  retains  its  lead  oyer  Queenskod 
in  coal  production.  There  is  a  section  (by  J.  E.  Came)  on  page  282, 
across  part  of  the  Blue  Mountains,  where,  on  upturned  slates  and 
quartzites,  said  to  be  Devonian,  beds  of  Permo-Carboniferous  age 
(Upper  Marine  and  Upper  Coal-measures)  are  succeeded  by  beds  of 
Triassic  age.  This  section  is  also  remarkable  as  showing  the  weird 
sculpture  of  the  district  in  question.  A  boring  in  Sydney  harbour 
shows  coal -bearing  beds  at  a  depth  of  3,000  feet;  hence  the 
available  coal-area  is  not  to  be  judged  merely  by  the  extent  of 
the  Carboniferous  outcrop.  On  p.  315  the  full  development  of  the 
Permo-Carboniferous  rocks  (classified  by  Professor  David)  is  given 
as  follows ; — 

TbickneM. 

1.  Upper  or  Newcastle  Coal-measures,  containing  an  aggregate       Feet 

of  about  100  feet  of  coal      1,160 

2.  Dempsey  Series :   fresh-water  beds,  containing  no  productive 

coal;  thins  out  in  some  directions 2,000 

3.  Middle  (East  Maitland)  Coal-measures,  with  aboul  40  feet  of 

V  vCU     •••         ••■         ■••         •••         •••         •••         ■••         •■•  Vf  V 

4.  Upper  Marine  Series ;  characterized  by  Produelu*  braehyt1udru$      5,000 

5.  Lower  or  Greta  Coal-measures,  with  about  20  feet  of  coal     ...  130 

6.  Lower  Marine  Series,  with  £Mry^««;na  «of*<fa^a  4,800 

13,650 


The  Mesozoic  deposits  of  New  South  Wales  include  representatives 
of  the  Triassic,  Jurassic,  and  Cretaceous  systems.  The  fossil  plants 
of  the  Hawkesbury  Seiies  (Triassic)  are  different  to  the  GlouopUri* 
fauna  of  the  Fermo-Carboniferous.  There  is  no  good  development 
of  Jurassics.  The  Cretaceous  beds  are  divided  into  two  series — 
the  Rolling  Downs  formation,  which  underlies  the  Darling  Plains 
and  is  regarded  as  Lower  Cretaceous ;  the  *  Desert  Sandstone '  con- 
tains the  bones  of  CimoliosauriM,  sometimes  converted  into  precious 
opal,  and  is  regarded  as  Upper  Cretaceous.  Tertiary  volcanic  rocks 
have  a  wide  distribution. 

Queensland. — The  metaraorphic  rocks  and  the  schists  occur  in  three 
main  areas,  and  associated  with  these  foliated  rocks  are  a  series  of 
ancient  plutonic  masses  and  of  other  igneous  rocks.  All  these  are 
either  Archaiau  or  Lower  Palffiozoic.  The  Carboniferous  system  here 
is  divided  into  five  series,  of  which  three  are  developed  in  the  Bowen 
River  Coalfield,  ranging  from  20J°  to  26^  S.  lat.  The  Upper 
Bowen  Heds  arc  full  of  Glossopteria  and  contain  many  coal-seams. 
The  coal- producing  series  of  rocks  is  continued  into  the  Mesozoic 
period  (Trias-Jura),  where  T<eniopteris  takes  the  place  of  Glo$sopUrts. 

Of  the  Cretaceous  system,  the  lower  series  consists  of  marine  clays, 
which  constitute  the  Rolling  Downs  formation,  forming  the  surface, 
or  underlying  nearly  three-fourths  of  Queensland.  It  is  of  economic 
importance  as  causing  the  impermeable  cap  which  keeps  down  the 
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water  of  the  Flowing  Wells.  The  Upper  Cretaceous  series  consists 
of  sandstones,  quartzites,  etc.  (containing  OlossopterU  ?)y  which  are 
continuous  with  beds  of  Desert  Sandstone.  This  peculiar  formation, 
which  probably  has  only  one-twentieth  of  its  former  extent,  is 
partly  marine,  partly  terrestrial,  and  has  undergone  much  silici- 
fication.  The  Cainozoic  system  is  mainly  represented  by  volcanic 
rocks,  which  began  to  flow  early  in  Tertiary  times.  The  most 
interesting  of  the  higher  deposits  of  this  age  are  some  breccias,  rich 
in  the  bones  of  extinct  marsupials  and  biids,  associated  with  fresh- 
water mollusca,  such  as  Melania,  Limnaay  Fhyaa,  etc. ;  also  teeth 
of  Ceratodus, 

Victoria. — Although  this  is  the  smallest  of  the  states  or  colonies 
of  the  mainland  of  Australia,  its  geology  is  more  complex  than  that 
of  any  other.  The  dominant  fact  in  its  geological  structure  is  that 
it  consists  of  a  base  of  Lower  Palaeozoic  and  Archean  rocks  which 
have  been  thrown  into  a  series  of  folds  along  two  lines  nearly  at 
right  angles  to  each  other.  The  oldest  rocks  are  Archaean,  and 
the  Lower  Palaeozoics  are  well  represented,  especially  in  the  case 
of  Ordovician  sediments,  which  possess  a  peculiar  interest  from  the 
circumstance  that  auriferous  reefs,  such  as  those  at  Bendigo  and 
Ballarat,  are  connected  with  this  formation.  Bendigo  is  situated 
on  a  northern  spur  of  the  Victorian  highlands,  and  Ballarat  on  a 
southern  spur  of  this  mountain  complex. 

Gold-mining  in  Victoria  is  by  far  too  large  a  subject  for  the  present 
review,  seeing  that  it  has  yielded  something  like  £250,000,000  in 
the  course  of  its  history.  There  is,  however,  an  interesting  notice 
(Science  Progress,  July,  1906)  by  Professor  Gregory,  which  bears  on 
the  most  modem  aspect  of  mining  in  this  country :  **  Years  ago 
Bendigo  was  described  as  exhausted,  but  the  mining  industry  is  still 
flourishing  there.  It  shows  the  deepest  gold -mining  in  the  world. 
.  .  .  .  It  was  at  first  famous  for  its  alluvial  gravels,  and  then 
for  the  exceptional  richness  of  its  *  blows'  of  (juartz,  which  stood  up 
in  crags,  owing  to  the  wearing  away  of  the  softer  slates.  The  quartz 
*  blows*  seen  on  the  surface  were  soon  crushed,  and  the  miners 
followed  them  underground.  This  work  led  to  the  disappointing 
discovery  that  the  quartz-veins,  instead  of  continuing  to  unknown 
depths,  became  thinner,  and  soon  pinched  out"  TJItimately  it  was 
discovered  that  these  wedge-like  reefs  were  found  to  be  the  lower  sides 
of  arches  of  vein-quartz,  which  were  connected  with  arch-like  foldings 
in  the  country  rocks ;  hence  the  lodes  were  called  *  saddle  reefs.*  It 
is  to  the  systematic  exploitation  of  these  *  saddle  reefs,*  so  well 
described  by  Professor  Gregory,  that  the  continued  success  of  gold- 
mining  at  Bendigo  is  due.  He  then  proceeds  to  speak  of  Castle- 
maine,  where  the  surface- gravels  were  phenomenally  rich,  whereas 
the  quartz-lodes  have  been  poor.  He  suggests  that  here  the  gold- 
mines are  close  to  intrusive  granitic  rocks,  causing  much  secondary 
concentration.  This  material  has  been  removed  by  denudation, 
forming  the  rich  alluvial  deposits,  and  only  the  roots  of  the  gold 
shoots  remain. 

Victorian  geology  presents  many  other  points  of  interest;  and  the 
Carboniferous  system,  though  not  rich  in  workable  coal,  possesses  its 
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own  special  features.  Thus,  he  says,  that  the  Upper  Carboniferous  is 
represented  by  the  **  famous  glacial  deposits  and  boulder-clays  of 
Bacchus  Marsh,  Heathcote,  Bendigo,  the  I^den  Valley,  and  Southern 
Oippsland.  These  beds  are  unquestionably  of  glacial  origin,  as  they 
contain  polished  and  ice -scratched  boulders,  and  rest  upon  rock 
surfaces  which  have  been  ground  and  worn  by  ice-action.  The 
boulder  beds  are  associated  in  places  with  lake  deposits,  but  as 
a  whole  they  are  stratified  tills."  It  is  unfortunate  that  these  beds 
have  not  yielded  any  contemporary  fossils,  as  it  would  be  instructive 
to  ascertain  what  the  fauna  and  flora  of  this  early  glacial  period  was 
like.  Tlie  glacial  beds  of  Bacchus  Marsh  nre  overlaid  by  a  seriei  of 
sandstones  which  contain  the  leaves  of  Oan^amop fen's,  and  would 
seem  to  be  on  the  horizon  of  the  Greta  or  Lower  Coal-nieasures  of 
New  South  Wales.  The  Permo -Carboniferous  deposits  of  New  South 
Wales,  with  their  rich  coal-seams,  have  not  been  discovered  in  Victoria. 

Another  interesting  feature  of  this  colony  or  state  is  the  enormous 
development  of  Tertiary  volcanics,  especially  in  the  south-west 
comer.  The  older  Victorian  basalts,  or  lavas,  are  associated  with 
Middle  Cainozoic  beds,  and  were  succeeded  by  basalts  of  a  later 
period,  which  have  been  less  denuded  and  decomposed.  Still  later 
occurred  another  series  of  volcanic  eruptions,  which  piled  up  a  number 
of  craters,  even  now  in  a  fairly  good  state  of  preservation.  The  best 
ex])osed  vent  of  the  older  basaltic  eruptions  is  the  deeply  dissected 
stump  of  a  volcano  two  miles  north-west  of  Bacchus  Marsh.  Here, 
then,  the  geologist  may  study  side  by  side  the  phenomena  of  Frost 
and  Fire. 

South  Amtralia, — This  is  somewhat  of  a  misnomer,  seeing  that 
the  colony  extends  right  across  the  continent  from  south  to  north 
as  far  as  the  Gulf  of  Carpentaria.  The  highlands  of  South  Australia, 
clinging  to  the  south  coast,  serve  to  connect  the  old  Archsean  plateau 
of  Westralia  with  the  Palteozoic  highlands  of  eastern  Australia,  and 
in  this  region  there  is  great  variety  of  rock  formation,  although  the 
Cambrian  is  best  represented.  The  great  physical  feature  of  South 
Australia  is  the  Lake  Eyre  basin.  This  is  now  usually  a  plain  of  salt 
lakes  and  salt  swamps ;  vast  floods  from  the  Queensland  hills  are 
poured  into  it,  and  the  lake  for  a  time  contains  salt  water,  but  this 
soon  evaporates,  leaving  only  a  chain  of  briny  water-holes.  This 
great  basin  is  bounded  on  the  south  by  the  previously  mentioned 
South  Australian  highlands,  and  on  the  west  by  the  Peak  and  Denison 
ranges,  whilst  the  slopes  towards  Queensland  and  New  South  Wales 
on  the  north  and  east  are  very  gradual.  The  clays  of  Cretaceous  age 
in  the  Lake  Eyre  basin  irapriscm  vast  stores  of  water;  the  fossils 
obtained  in  fragments  from  the  numerous  boreholes  include  Cre- 
taceous raollusca,  e.g.,  two  species  of  Belemnite,  Cnoceras  aHStrmU, 
Moore,  Pinna  audralin,  Hudl.,  etc.,  etc.  There  are  also  ranch  later 
deposits,  which  may  be  Upper  Pliocene  or  Pleistocene,  of  a  deltaic 
character,  rich  in  Diprotodon,  the  bones  of  crocodiles,  giant  lizards, 
and  water-birds ;  but  no  signs  of  contemporary  man  have  been  found. 

This  seems  the  proper  place  to  consider  the  very  interesting  subject 
of  the  Flowing  Wells  of  East  Central  Australia,  noted  by  Dr.  Gregory 
in  the  present  volume  (p.   101)  and  also  in  the  *'Dead   Heart  of 
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Australia."  Between  the  Western  Plateau  of  Australia  and  the 
East  Australian  highlands  lie  the  great  plains  of  East  Central 
Australia,  which  are  for  the  most  ])art  arid,  and  contain  little  or 
no  surface-water.  But  deep  helow  the  surface  there  are  sands  and 
shales  saturated  with  water,  which  is  under  such  high  pressui'e  that, 
when  bores  are  sunk  through  the  clays  forming  the  top  of  the  under- 
ground reservoir,  the  water  rushes  up  the  borehole  to  the  surface  and 
discharges  as  a  flowing  well ;  there  are  also  natural  outlets  for 
this  pent-up  water.  In  18b2  Dr.  11.  L.  Jack  concluded  from  the 
geological  structure  of  Queensland  that  a  supply  of  artesian  water 
might  occur  in  the  west  of  that  state.  A  borehole  was  completed 
in  1888,  a  water-bearing  layer  being  reached  at  a  depth  of  1,645  feet, 
when  the  water  rose  to  the  surface  and  discharged  nearly  300, UOO 
gallons  a  day.  Since  then,  alike  in  New  South  Wales,  in  Queensland, 
and  in  South  Australia,  numerous  ^  artesian '  wells  have  been  sunk, 
the  deepest  being  5,046  feet;  some  of  this  water  is  warm  and  much  of 
it  highly  saline. 

The  author  accepts  the  term  ^  artesian '  in  a  general  sense,  and. 
observes  that  the  rise  of  water  in  these  wells  has  been  attributed  to 
the  hydrostatic  pressure  of  the  water  occurring  in  the  same  layer 
of  rock  at  a  higher  level  iu  the  Queensland  hills.  It  was  thought, 
for  instance,  that  the  wells  were  supplied  by  the  percolation  of  rain- 
and  river-water  through  a  porous  stratum  extending  in  a  continuous 
layer  under  the  clays  of  the  HoUing  Downs  formation  so  characteristic 
of  the  central  plains. 

The  well-water  was  thought  to  be  meteoric  water  which  had  fallen 
on  the  eastern  hills  and  was  thence  flowing  westwards,  as  a  sub- 
terranean river,  on  its  way  towards  the  southern  sea.  It  has  been 
proved,  however,  that  the  porous  stratum  in  question  is  a  limited 
lormation  quite  unable  to  supply  all  the  wells  that  have  been  sunk ; 
many  of  them  derive  their  water  from  the  shales  and  mudstones  of 
the  Jurassic  beds.  In  the  *'Dead  Heart  of  Australia"  the  author 
has  pointed  out  that  the  simple  artesian  theory  does  not  ex])laiu  the 
facts.  The  chemical  characters  of  the  well-waters,  the  tliennal 
phenomena,  the  irregular  distribution  of  the  water  pressure,  the 
association  of  the  water  with  various  gases,  and  the  tidul  rise-and- 
fall  of  the  water  in  some  of  the  wells  present  a  series  of  phenomena 
none  of  which  agree  with  the  hydrostatic  theory.  He  expresses 
a  belief  that  the  ascent  of  water  in  these  boreholes  is  mainly  due 
to  the  tension  of  the  included  gases  under  the  pressure  of  the 
overlying  sheets  of  rock.  Much  of  the  water  is  an  old  accumulation, 
some  of  which  may  have  been  derived  by  percolation  from  meteoric 
sources;  much  of  it  is  probably  of  plutonic  origin,  having  risen  through 
deep  springs  from  the  underlying  rocks,  and  some  of  it  may  be  old 
sea-water  in  the  Cretaceous  beds.  Opinion  inclines  to  the  view  that 
there  is  no  fear  of  exhausting  the  artesian  water,  but  the  author 
believes  that  the  existing  waste  is  unfortunate,  since  the  supply  may 
not  prove  inexhaustible. 

Professor  Gregory  seems  to  have  arrived  at  tliis  modified  *  artesian ' 
theory  slowly  and  by  degrees.  Those  who  have  read  his  interesting 
explanation  of  the  hydrostatic  conditions  as  applied  to  the  hill- country 
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of  Queensland,  in  connection  with  the  underground  waters  of  the 
plains,  must  needs  confess  to  a  certain  amount  of  disappointment 
that  such  elaborate  calculations  have  only  a  partial  and  limited 
relation  to  the  phenomena  of  the  Flowing  Wells  as  a  whole.  The 
difficulty  of  uniform  explanation  increases  in  proportion  to  the  extent 
of  country  exploited,  and  this  extent,  in  the  case  of  East  Central 
Australia,  is  so  immense  that  many  onuses  may  conduce  to  the  uprise 
of  water  in  the  innumerable  boreholes  sunk  throughout  this  Tsst 
region.  Still,  the  hydrostatic  or  ordinary  artesian  theory  may  be 
applicable  in  the  majority  of  those  cases  where  the  well- water  is 
fresh  and  of  normal  temperature.  There  seems  a  reasonable  degree 
of  probability  that  much  of  this  water  is  really  meteoric,  and  therefore 
perennial  so  long  as  present  climatic  conditions  prevail.  The  stale 
watei*s  of  old  seas  such  as  the  Cretaceous,  or  waters  of  *  platonic 
origin,*  can  be  of  little  service  from  an  economic  point  of  view,  and 
therefore  the  waste  of  these  is  not  of  much  consequence,  though  their 
discharge  in  the  form  of  flowing  wells  may  tend  to  inciiease  the 
already  too  great  salinity  of  the  surface.  No  doubt  it  must  be  a  sad 
disappointment  for  the  Australian  prospector,  after  spending  thousands 
of  pounds  in  boring  thousands  of  feet,  to  obtain  a  mixture  of  salt  and 
water  for  his  pains.  Nevertheless,  such  mishaps  sometimes  occur  in 
the  old  country,  as  was  the  case  recently  at  Lincoln,  where  a  costly 
borehole  sunk  to  a  depth  of  slightly  over  2,000  feet  brought  up 
a  copious  supply  from  the  Trias,  which,  it  was  hoped,  would 
purify  itself  by  degrees  ;  but  at  present  the  only  use  for  such 
a  genuine  artesian  overflow  would  be  the  establishment  of  warm 
Balt-watcr  baths  in  an  inland  city. 

Wesfralia. — We  have  already  seen  that  the  immense  territory 
included  under  this  name  consists  mainly  of  Archaean  and  Old 
Palajozoic  rocks,  with  a  coastal  fringe  of  newer  rocks  which  runs 
from  20  to  30  miles  in  width  ere  the  face  of  the  plateau  is  reached. 
From  its  western  edge  this  plateau  is  a  broad  undulating  tract,  mostly 
between  l,0()0  and  2,000  feet  in  elevation  up  to  the  confines  of 
South  Australia  on  the  oast.  Except  in  the  extreme  south  where  the 
Stirling  Range  attains  3,610  feet,  and  in  the  far  north  where  Mount 
Bruce  rises  to  3,800  feet,  the  features  of  the  country  are  extremely 
monotonous.  The  main  interest  in  the  Archaean  plateau  centres  in 
its  mineral  wealth,  since  all  the  goldfields  of  Westralia  occur  in  it. 
Harry  Page  Woodward  divided  the  Archtean  rocks  into  six  parallel 
bolts.  No.  1  forms  the  base  of  the  coastal  district  on  the  west,  and 
the  greater  part  of  this  belt  is  covered  by  later  deposits.  No.  2  is 
exposed  in  the  scarp  that  forms  the  west  face  of  the  plateau.  No.  3 
is  the  first  granite  belt,  and  is  devoid  of  minerals.  No.  4  is  the  first 
auriferous  bolt.  No.  5  is  the  second  granite  belt.  No.  6,  or  the 
sooond  auriferous  bolt,  is  the  oastemmost  of  the  series,  and  it  is  in 
this  that  tlio  famous  goldtields  of  Coolgardie  and  Kalgoorlie  occiu*. 
Tho  rocks  of  both  aunforous  belts  consist  mainly  of  schists,  of  which 
tho  most  important  is  a  series  of  amphibolites,  and  there  are  also 
numerous  dykes  of  granite,  diorite,  and  porphyrite.  **  Bands  of  the 
amphibolites  have  boon  so  crushed  that  they  often  resemble  altered 
slates,  and  others  have  been  silicitied  into  jasperoid,  and  mineralized 
into  the  rich  lodes  of  the  Kalgoorlie  goldfield." 
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The  most  varied  district  in  Westralia  from  a  geological  point  of 
view  is  that  of  Kimberlcy  in  the  extreme  north-west  of  the  state. 
The  foundation  of  the  Palaeozoic  plateau  here  consists  of  Camhrian 
rocks.  The  age  of  these  rocks  is  proved  by  the  fact  that  they  contain 
worms  of  the  genus  8altar$lla,  and  a  trilobite  which  is  referred  to 
Olenellus;  the  first  payable  goldfield  discovered  in  Westralia  is 
situated  in  these  rocks.  There  are  also  indications  of  Silurian  beds, 
and  the  Devonian  system  is  said  to  be  well  developed  in  the  Kimberley 
district,  though  not  indicated  in  the  geological  map  (p.  104).  In  this 
region  also  the  map  shows  Carboniferous  rocks  and  large  patches  of 
Tertiary  volcanics. 

It  is,  however,  in  the  basin  of  the  Qascoyne  Kiver,  an  expansion  of 
the  western  coastal  strip,  that  the  most  interesting  development  of 
beds  of  Carboniferous  age  occur.  In  all  this  region  they  belong,  in 
the  main,  to  the  marine  limestone  type  of  the  Lower  Carboniferous. 
These  beds  are  rich  in  fossil  corals  and  in  Polyzoa  of  a  peculiar 
character,  such  as  the  genus  £vact%napora^  originally  described  from 
the  Lower  Carboniferous  of  Illinois  and  Iowa  in  the  United  States  of 
America.  There  is  also  an  abundance  of  characteristic  Brachiopoda, 
etc.  Beneath  the  Carboniferous  limestones  are  shales  and  con- 
glomerates along  with  beds  containing  coarse  boulders,  some  of  which 
are  considered  to  be  of  glacial  origin.  On  the  south  the  Irwin  Kiver 
Coalfield  constitutes  the  third  chief  outcrop  of  the  Carboniferous  beds, 
and  this  is  considered  to  be  of  Permo-Carboniferous  age  from  the 
fossils  associated  with  the  coal  deposits.  The  development  is  con- 
sidered to  be  a  poor  one,  and,  so  far  as  is  known,  Westralia  is  not 
likely  to  be  a  coal-producing  district  to  any  extent. 

The  Mesozoic  and  Cainozoic  rocks  in  the  coastal  strip  are  not  of 
particular  importance,  except  that  in  some  cases,  when  reached  by 
bores,  certain  Mesozoic  rocks  yield  abundant  water  through  artesian 
wells;  most  of  the  fossils  indicate  a  Lower  Jurassic  ago,  though 
there  is  some  evidence  of  Lower  Cretaceous.  A  series  of  Cainozoic 
deposits  rests  on  the  Archaean  plateau  of  the  interior;  it  includes 
vast  sheets  of  mottled  clays,  ironstones,  and  conglomerates.  These 
days  have  yielded  the  bones  of  Biprotodon,  and  they  also  contain 
patches  of  lime,  coal,  and  cement,  which  is  sometimes  rich  in  gold. 
Kace  and  laterite  are  abundantly  deposited  on  the  surface. 

Westralia  has  of  late  been  the  chief  gold  -  producing  state  of 
Australia,  as  the  following  figures  for  the  year  1903  will  show : — 

Western  Australia           8,777,719 

Victoria 3,259, 48;3 

Queensland           2,889,813 

New  South  Wales            1,080,029 

South  Australia 90,031 

Total     £16,047,075 

W.  H.  H. 
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Pkoceedings  Dorset  Field  Club  :  Date  ok  Volume  II.  —  This 
volume  was  issued  without  any  date  on  the  title-page ;  and  the 
question  has  often  arisen  as  to  the  correct  date.  Papers  which  it 
contains  are  dated  [1883]  in  the  Royal  Society's  Catalogue.  However, 
the  evidence  for  the  date  is  to  be  found  in  vol.  x.  p.  xv.  An 
obituary  notice  of  the  llev.  H.  H.  Wood  says:  **  He  dies  just  as  the 
4th  volume  of  the  Proceedings  ....  is  issued  to  the  member!*." 
He  died  (p.  xiv)  on  November  3rd,  1882,  so  that  the  end  of 
October  or  beginning  of  Xovember,  1882,  is  the  date  of  the  volume  in 
question.  8.  S.  B. 

"  Sermons  in  Stones." — In  a  lecture  delivered  before  the  St.  John's 
College  Natural  History  Society  at  Cambridge  (printed  in  the  Ha^lff 
vol.  xxviii,  No.  142,  March,  1907)  Professor  T.  G.  Bonney  has  dealt 
with  **  The  Geology  of  the  College  Chapel,"  The  present  Chapel  was 
consecrated  in  May,  1869.  Its  walls  are  of  Ancaster  and  Ketton  stone, 
and  it  is  roofed  with  Colly  weston  •  slate  * ;  but  it  includes  some  portions 
of  the  older  chapel  constructed  of  Bamack  stone  and  Tottemhoe  stone. 
In  various  parts  of  the  new  building  different  materials  are  used  for 
decorative  and  other  purposes,  such  as  the  red  dolomitic  sandstone  of 
Mansfield,  paving- stone  from  Yorkshire,  granite  from  Peterhead, 
serpentine  from  the  Lizard,  marble  from  Connemara,  Devonshire, 
Purbeck,  Derbyshire,  Armagh,  Belgium,  and  Carrara.  With  this 
wealth  of  materials  before  him.  Professor  Bonney  has  been  able  to 
preach  an  excellent  sermon  on  stones,  one  of  considerable  interest,  and 
one  ])erhups  not  unlikely  to  distract  the  minds  of  those  who  attend 
tlie  College  Chapel,  when  they  leain  how  instructive  it  is  as  a  Museum 
of  Practical  Geology. 

HoNOUKS   TO    DlSTINGDISUKD   MkN    OF   SciENCR. 

Sir  E.  Kay  Lankksteh,  K.C.B. — The  honour  of  a  Knight  Com- 
mander of  the  liath  has  beeu  bestowed  by  His  Majesty  on  Professor 
E.  Kiiy  Lankcster,  F  U.S.,  the  Director  of  the  Natural  History 
Departments  of  the  British  Museum,  who,  wo  regret  to  learn,  is, 
at  I  he  early  age  of  60  yeai-s,  shortly  relinquishing  his  most  interesting 
ofllce.  Last  year  he  was  President  of  the  British  Association  at  the 
76th  Annual  Meeting  held  in  York. 

Siu  A.  Vmfjkik.—  *'  We  are  officially  informed  that  the  King  has 
conferred  a  knighthood  of  the  Most  Honourable  Order  of  the  Bath, 
civil  di\'isi()n,  upon  Sir  Archibald  Geikie,  Secretary  to  the  Royal 
Society-  Sir  Archibald  Geikie,  who  is  in  his  72nd  year,  was  the 
first  Murchison  Professor  of  geology  and  mineralogy  at  tiio  University 
of  Edinburj^h,  of  which  city  he  is  a  native.  He  was  President  of  the 
Geological  Society  in  1891,  of  the  British  Association  in  1892,  and 
Direc  tor-General  of  the  Geological  Survey  of  the  United  Kingdom  and 
Director  of  the  Museum  of  Practical  Geology,  Jennyn  Street,  from 
1882  till  1901.  He  was  re-elected  President  of  the  Geological  Society 
in  February,  1906,  and  will  deliver  his  Address  as  President  at  the 
Centenary  Commemoration  on  September  26th." — Reprinted,  m  p^rt, 
from  the  *i)ffe7y  Chronich,  August  10th,  1907. 
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I. — Evidences  of  a  Mandible  of  a  new  Labyrinthodont  from 
THE  TJppEB  Karroo  Bed8  of  Cape  Colony  {Ptychosphenodon 
Bbowni), 

By  H.  a.  Sbbley,  F.R.S.,  F.G.S.,  Eing'd  College,  London. 

(PLATE  XIX.) 

1AM  indebted  to  Mr.  Alfred  Brown,  of  Aliwal  North,  for  the 
opportunity  of  describing  a  small  fragment  of  a  lower  jaw  of 
a  Labyrinthodont  which  shows  some  unusual  characters  in  the 
dentition  and  in  the  composition  of  the  mandible  (PI.  XIX,  Fig.  1). 
Hitherto  the  evidence  of  the  structure  of  the  mandible  has  been 
imperfectly  recorded  in  these  South  African  reptiles. 

Mr.  Brown's  specimen  is  a  small  transverse  segment,  probably  from 
the  left  ramus,  at  some  little  distance  behind  the  symphysis.  This 
position  may  be  indicated  by  an  angular  ridge  upon  the  inner  side, 
which  is  becoming  more  elevated  as  it  extends  forward.  There  is  no 
suggestion  of  the  original  length  of  the  mandible,  which  may  have 
been  eighteen  inches.  The  fragment  is  little  more  than  an  inch  and 
a  half  long.  In  section  the  jaw  is  subquadrate,  somewhat  depressed, 
being  two  inches  wide  and  an  inch  and  a  half  deep.  The  external 
surface  of  the  bones  shows  no  trace  of  sculpture.  From  its  slightly 
water-worn  condition  the  specimen  (Fig.  1)  was  probably  obtained 
from  the  reconstructed  bed  at  the  railway  station  at  Aliwal  North, 
which  yields  Theriodonts  and  other  fossils. 

The  external  bone  is  apparently  vertical,  traversed  on  the  lower 
third  by  a  deep  longitudinal  groove,  in  which  there  is  a  faintly 
marked  suture.  The  dentary  bone  above  the  groove  is  slightly 
convex  up  to  the  alveolar  margin,  and  shows  what  may  be  a  sinuous 
impression  above  the  groove.  The  bone  below  the  groove,  which  may 
be  infra-dentary,  is  well  rounded  on  to  the  base. 

The  base  is  flattened,  but  slightly  convex  from  side  to  side,  and  is 
marked  by  a  median  groove  which  traverses  a  median  inferior  bone 
defined  laterally  by  two  irregular  sutures.  The  base  of  the  jaw  is 
limited  towards  the  inner  side  by  a  slight  angular  ridge.  The  inner  side 
is  dirided  into  upper  and  lower  flattened  areas  by  the  median  angle 
already  referred  to.  There  is  a  longitudinal  suture  in  the  middle  of 
the  upper  portion  of  the  palatal  surface. 
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The  transverse  sections,  back  and  front,  are  vertieal  and  clean, 
practically  unworn,  and  of  similar  transversely  oblong  form. 

In  the  middle  is  an  oblong  central  cavity  (M.),  which  is  less  than 
an  inch  wide  and  less  than  half  an  inch  deep.  From  it  the  sutures 
radiate  which  separate  the  constituent  bones.  When  the  specimen  is 
examined  from  the  external  surface  the  only  well-marked  sutures  are 
upon  the  base,  so  that  on  such  evidence  the  jaw  might  be  interpreted 
as  formed  of  two  bones.  The  narrow  straight  lateral  line  between  the 
surangular  and  splenial  on  the  inner  side  might  pass  for  a  crack 
in  the  specimen.  Similarly,  the  line  in  the  external  groove  between 
the  elements  of  the  dentary  and  infra-dentary  might  have  been 
supposed  to  be  the  opposite  side  of  the  same  fracture  but  for  the 
transverse  sections.  These  lateral  conditions  are  found  to  be  natural 
divisions  when  the  broken  ends  of  the  fragment  are  examined.  More 
or  less  serrated  and  angulated  sutures  are  marked  by  lines  of  black 
matrix  as  represented  in  the  figure  (see  PL  XIX,  Fig.  1).  They 
are  not  all  followed  with  equal  facility,  and  the  external  dentary  bone 
is  obscurely  divided  into  superior  and  inferior  elements  by  suture,  for 
the  division  is  less  evident  at  the  other  fractured  end.  The  com- 
plicated suture  between  the  internal  splint  bone,  which  I  regard  as 
the  splenial,  and  the  two  bones  on  which  it  rests  is  also  less  distinet 
on  the  posterior  fi'acture  in  this  specimen,  where  the  surface  is  more 
weathered,  but  may  be  followed  with  a  magnifying-glass.  The  most 
interesting  suture  is  the  vertical  division,  showing  that  two  distinct 
parallel  bones  support  the  teeth  in  two  parallel  rows,  of  which  the 
outer  row  is  rather  the  lonp;er. 

The  external  dentary  bono  carries  five  teeth,  which  are  close  set. 
Their  crowns  are  broken  and  show  no  trace  of  a  pulp  cavity.  The 
basal  attachment  is  four  times  as  wide  as  long  from  front  to  back. 
The  attachment  of  the  teeth  is  of  a  pleurodont  type,  for  the  external 
alveolar  border  rises  fully  half  an  inch  above  the  rounded  internal 
exposures  of  the  crowns  ;  and  on  their  inner  side  the  dentary  bone  rises 
as  an  oblique  rounded  strip  from  the  groove  in  which  these  teeth  are 
imbedded.  Both  front  and  back  fractures  pass  through  the  bases  of 
crowns  of  teeth.  In  the  middle  of  the  base  of  the  tooth,  on  what  mav 
be  the  posterior  fracture,  the  crown  descends  in  a  small  short  oblong 
poi-tion  into  a  shallow  socket,  and  shows  the  same  folded  structure  as 
the  rcjst  of  the  tooth.  The  smooth  surfaces  of  the  teeth  are  marked 
with  fine  parallel  vertical  grooves  upon  the  enamel,  which  vary  in 
depth  on  the  several  teeth.  Each  crown  decreases  in  size  as  it 
ascends,  by  becoming  nan'ower  fi'om  within  outward. 

The  bone  which  abuts  against  the  dentary  above  the  Meckelian 
vacuity  on  the  inner  side  of  the  jaw  is  regarded  as  the  surangular 
boue,  and  beneath  it  is  the  angular  bone.  The  lateral  junction 
between  these  bones  is  hidden  by  the  splint-like  covering  of  the 
splenial.  The  determination  of  these  elements  rests  upon  the  sutures 
shown  in  the  transverse  sections.  But  if  there  is  an  infra-dentary, 
there  may  also  be  an  infra-angular ;  and  these  elements  may  be  upper 
and  lower  divisions  of  the  angular  bone. 

The  upper  or  surangular  bone  is  small  compared  with  the  dentary, 
to  which  it  is  parallel  and  internal.     At  its  suture  with  the  dentary 
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bone  it  rises  above  the  level  of  the  dentaiy  on  the  superior  dentigerons 
surface,  where  it  is  roughened  and  vascular,  forming  a  supporting 
outer  ledge  for  the  teeth  which  it  carries,  which  is  of  the  same  kind 
as  the  external  elevated  alveolar  border  of  the  dentary  bone.  The 
teeth,  however,  are  smaller;  they  are  not  so  close  set  in  this 
specimen ;  each  has  a  transversely  ovate  base,  and  is  implanted  in 
a  shallow  conical  pit  or  socket,  which  the  base  of  the  tooth  does  not 
completely  fill,  for  a  groove  extends  round  the  base  of  the  inner  side 
of  the  tooth.  The  base  is  invested  with  an  o^fseous  cement,  above 
which  the  crown  shows  vertical  grooves  of  the  same  type  as  are  seen 
upon  the  row  of  teeth  in  the  dentary  bone.  At  one  end  of  the 
specimen  a  fracture  passes  through  the  base  of  a  tooth,  and  shows  the 
same  folded  structure  in  these  teeth  as  in  the  parallel  dentary  tooth ; 
next  is  a  large  empty  socket,  the  base  of  which  is  not  clean  from 
matrix ;  this  is  followed  by  a  broken  tooth  in  position ;  and  lastly, 
after  an  interval,  the  terminal  fracture  passes  through  the  middle  of 
a  clean  empty  conical  socket.  The  teeth  of  this  inner  row  appear  to 
diminish  in  size  as  they  extend  backward. 

As  the  teeth  are  broken  to  the  level  of  the  alveolar  margin  of  the 
dentary  I  availed  myself  of  the  opportunity  to  obtain  a  transverse 
section  of  a  portion  of  a  tooth  on  the  dentary  bone  at  the  level  of  the 
alveolar  border  where  the  tooth  is  ovate.  In  microscopic  enlargement 
the  labyrinthio  structure  is  much  less  folded  and  simpler  than  in  any 
other  tooth  from  these  rocks  which  I  have  examined  (PI.  XIX,  Fig.  2). 

In  the  Museum  ol  the  University  of  Munich  a  second  specimen  of 
the  mandible  of  the  same  species  is  preserved,  collected  at  Middelburg 
in  Cape  Colony.  The  late  Professor  K.  v.  Zittel  placed  it  in  my 
hands  to  complete  this  description.  The  Munich  fossil  is  a  fragment 
from  the  right  ramus  of  the  mandible,  two  and  three-quarter  inches 
long.  It  exactly  corresponds  in  its  position  in  the  jaw  with  the 
fragment  of  the  left  ramus  from  Aliwal  North.  The  anterior  fracture 
is  oblique,  the  posterior  fracture  is  vertical.  The  sutures  are  not 
shown  upon  the  black  bone  of  these  ends.  The  fossil  indicates  a  long 
narrow  skull,  with  a  short  mandibular  symphysis  (PI.  XIX,  Figs.  3,  4). 

The  Middelburg  specimen  is  from  a  soft  matrix,  which  has  been 
sufficiently  removed  to  show  the  forms  of  the  teeth  and  their  im- 
plantation. The  dentary  series  of  teeth  gives  evidence  of  nine  teeth 
in  a  length  of  two  and  seven-tenths  inches,  so  that  each  tooth  occupies 
three-tenths  of  an  inch,  as  in  the  other  specimen,  and  the  basal 
attachment  is  eight  to  nine -tenths  of  an  inch  wide.  Five  teeth  are 
lost,  and  as  these  are  consecutive  the  bases  are  seen  to  be  divided 
from  each  other  transversely  by  ridges,  forming  shallow  sockets  (Fig.  4), 
rather  more  pronounced  than  those  sometimes  seen  in  the  not  dis- 
similar but  deeper  groove  which  carries  the  teeth  in  Ichthyosaurtis, 

The  crowns  are  better  preserved,  and  have  a  singularly  compressed, 
sharp,  triangular,  wedge-shaped  aspect,  as  though  used  for  catching 
fish.  They  are  flattened  laterally,  rounded  on  the  narrow  outer  and 
inner  aspects,  which  are  straight  and  converge  upward  to  a  sharp 
point.  Each  of  these  wedge-shaped  teeth  was  about  one  inch  and 
a  quarter  long,  but  only  one  shows  the  extremity  of  the  crown.  Seen 
from  the  end,  the  contour  of  a  tooth  is  not  unlike  a  large  longitudinally 
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grooyed  vomerine  tooth  of  Lahyrinthodon ;  it  curves  slightly  inwaitl 
(PL  XIX,  Fig.  2).  On  the  inner  side  of  the  teeth  the  dentarj  bone 
rises  in  the  same  smooth  rounded  surface  as  in  the  other  fosal,  but 
externally  an  osseous  cement  appears  to  extend  on  to  the  tooth  from 
the  alveolar  border. 

The  second  inner  row  of  teeth  originates  just  behind  the  anterior 
fracture,  and  includes  indications  of  about  twelve  dose-set  teeth, 
carried  in  a  groove  which  gradually  widens  as  it  extends  backwanL 
The  teeth  are  smaller, than  the  dentary  series,  but  the  crowns  resemble 
them  in  all  ways,  being  similarly  compressed  from  front  to  back  and 
wedge-shaped.  The  early  crowns  are  broken,  and  several  are  missing 
from  their  sockets.  These  teeth  are  implanted  in  the  bone  which 
extends  down  the  jaw  between  the  dentary  bone  and  the  splenial, 
which  is  probably  the  surangular  bone.  Below  the  suture  the  splenial 
bone  is  rounded  and  shows  no  trace  of  the  angular  condition  of  the 
other  specimen.  The  base  of  the  jaw  is  less  flattened,  traversed  by 
three  rather  stronger  little  ridges ;  but  the  two  sutures  which  are  so 
marked  a  feature  of  the  specimen  from  Aliwal  North  are  not  visible. 
The  external  lateral  groove  on  the  dentary  bone  becomes  a  circular 
tubular  canal  as  it  extends  backward,  running  belomr  the  teeth.  This 
groove  is  characteristic  of  Ichthyosaurs.  A  fine  suture  appears  to  run 
down  its  length,  as  in  the  fragment  from  Aliwal  North  separating  the 
lower  half  of  the  bone  as  infra-dentary.  The  presence  of  such  an 
ossification  is  an  interesting  approximation  to  the  condition  in 
Holoptychian  fishes,  in  which  Dr.  Traquair's  specimens  show  two 
parallel  rows  of  teeth ;  and  those  fishes  have  their  tooth  substance 
folded  in  a  way  that  approximates  to  Labyrinthodonts,  and  especially 
to  this  fossil. 

The  presence  of  these  five  bones  in  the  mandible,  which  does  not 
include  the  articular  bone  or  the  coronoid  in  the  specimens  preserved, 
appears  to  show  that  some  South  African  Labyrinthodonts  include 
seven  bones  in  each  ramus  of  the  mandible.  This  character  may  not 
vary  the  general  reptilian  affinities  of  the  skull,  but  appears  to  be 
a  departure  from  the  reptilian  type  in  the  mandible,  which  maj 
approximate  towards  a  lower  type.  The  additional  bone  in  the 
mandible  is  quite  distinct  from  that  described  by  Dr.  Branson.. 

EXPLANATION  OF  PLATE  XIX. 

FiQ.  1. — Transverse  anterior  fracture  of  ramus  of  mandible  in  Aliwal  Nortb 
specimen,  showing  bones  about  the  Meckel  cartilage  cavitj  (M.) ; 
dentary  and  infra-dentary  externally,  surangular  and  angular  internAlly, 
overlapped  by  the  splenial  bone  on  the  inner  side,     a,  anterior  end. 

,,  2. — Transverse  section,  much  enlarged,  of  part  of  a  dentary  tooth  of  the 
same  specimen.  The  section  was  prepared  by  Profeeeor  Chapman,  of 
Melbourne,  and  photo^aphed  by  A.  Campion,  Esq.,  in  the  metallurgical 
laboratorj'.  Coopers  Hill. 

,,  3. — End  new  of  the  Middelburg  specimen  in  the  Munich  UniTenity  Museum, 
showing  an  entire  external  tooth,  with  natural  curvature  of  the  crown. 

,,  4. — The  same  specimen  seen  from  above,  showing  a  succession  of  empty  tooth 
sockets  on  the  mandible. 

Figs.  1,3,  and  4  are  of  the  natural  size. 


Gkol.  Mar.  1907. 
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II. — Nathohsi's    use    of    CoLLODioir    Impbivts    is    thb    Study    op 

Fossil  Plavts. 
By  F.  A.  Bather,  M.A.,  D.Sc,  F.G.S.,  British  Museum  (Natural  History). 

rE  following  note  is  based  on  two  papers  by  Professor  A.  G. 
Kathorst  ^  and  on  farther  details  which  he  has  kindly  communi* 
Gated  by  letter.  For  the  loan  of  the  block  (Fig.  1)  thanks  are  due 
to  Dr.  H.  Munthe,  Secretary  of  Geologiska  Foreningen  i  Stockholm. 

By  the  term  '  collodion  imprint '  \&  meant  the  impression  of  any 
surface  on  a  thin  film  of  collodion.  Such  an  impression  is  obtained 
by  letting  a  drop  or  two  of  collodion  dissolved  in  ether  fall  on  the 
surface  to  be  copied.  The  ether  evaporates  rapidly,  so  that  in  two  or 
three  minutes  the  film  is  hard.  If  it  does  not  of  its  own  accord  come 
loose  at  the  comers,  it  is  easily  raised  by  a  needle  or  sharp  knife.  It 
is  then  lifted  on  to  a  glass  microscope-slide  and  preserved  dry  under 
a  cover-slip  held  in  position  by  gummed  strips  of  paper  or  by  Canada 
balsam.  When  the  imprint  is  very  sharp,  the  film  can,  if  desired,  be 
preserved  in  glycerine- jelly  without  its  distinctness  being  greatly 
affected.  Some  films  may  be  less  successful  than  others,  and  some 
may  curl  too  much,  so  that  it  is  as  well  to  take  more  than  one 
imprint.  In  any  case  it  is  advisable  to  throw  away  the  first  made, 
since  it  usually  retains  some  dust  from  the  surface  of  the  object, 
whereas  following  films  will  be  free  from  this.  If  the  collodion 
solution  is  too  thick  it  may  be  thinned  by  the  addition  of  ether  or  of 
ether  and  alcohol.  The  thicker  the  solution,  the  more  liable  is  it  to 
air-bubbles;  the  thinner  solution  gives  a  thinner  and  clearer  film, 
which  may  sometimes  be  an  advantage,  also  it  takes  longer  to  dry, 
which  is  of  no  great  consequence.  No  definite  prescription  can  be 
given  as  to  thickness;  one  must  find  out  for  oneself  the  kind  of 
solution  most  suitable  for  the  objects  with  which  one  is  dealing. 

The  film  placed  on  the  slide  is  examined  under  the  microscope  by 
transmitted  light.  Since  the  film  is  thicker  over  the  depressions  of 
the  original  surface,  it  appears  darker  over  these  tracts,  so  that  the 
structure  is  easily  seen.  In  fact,  quite  high  powers  of  the  microscope 
can  be  used,  and  photomicrographs  taken.  Professor  Nathorst  repro- 
duces one  such  photograph  with  a  magnification  of  500  diameters  (Fig.  1). 
The  illumination  of  the  film  should  not  be  directly  from  below,  but 
oblique,  the  mirror  being  shifted  until  the  best  efiect  is  obtained. 

Such  collodion  films  have  long  been  used  in  the  measurement  of 
microscopic  objects,  especially  in  the  preparation  of  copies  of  the  eye- 
piece-micrometer in  order  to  determine  the  magnifying  power  of  the 
microscope.  They  have  also  been  employed  by  botanists  to  copy  the 
cuticular  surface  of  living  leaves  for  the  study  of  physiological  pro- 
cesses.'   L.  Jost  also  briefly  stated  in  1902  that  he  had  successfully 

^  "  Kollodiumaftryck  s&som  hjalpmedel  rid  undersokning  af  fo68ila..Taxter'*: 
Geol.  Foren.  Forhandl.,  Bd.  xxix,  pp.  221-227,  April,  1907.  •*  Uber  die 
Anwendung  Ton  EoUodiumabdriicken  bei  der  Untersuchung  fossiler  Pflanzen*'  : 
AridT  f or  Botanik,  Bd.  vii.  No.  4,  8  pp.,  1  pi.,  August,  1907. 

'  L.  Buscalioni  e  G.  PoUacci:  *' L'applicazione  delle  pellicole  di  Collodio  alio 
•todio  di  alcuni  processi  fisiologici  nelle  piante  ed  in  particolar  modo  alia  Tra- 
spinziom,"  and  **Ulteriori  ricerche  sull'  applicazione,  etc.*':  Atti  dell'  Istituto 
bctenico  dell'  UniTersitii  di  Pavia,  ser.  ii,  toI.  vii,  Milan,  1902. 
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applied  the  method  to  th«  study  of  Uie  sntfaM  stractan  in  fMal 
plants.  It  is,  however,  to  Profe«or  Nathorst  that  w«  are  indebted 
for  the  first  publicatioa  of  results  obtained  by  it  in  tbe  study  of 
fossils,'  and  for  the  first  account  of  its  adrantagee  in  paUeobotiDy. 
From  the  many  instances  of  the  snccessfnl  use  of  this  method  giTU  by 
Professor  Nathorst  a  few  will  now  be  noticed. 

The  first  attempt  was  naturally  one  to  study  wcll-preserrod  enlides 
of  carbonised  leares.  In  tiie  case  of  Baiera  tpeetahiUt,  howorer, 
a  ginkgo  form  from  the  Coal-measures  of  Scania,  the  attempt  was 
quite  unsuccessful.  In  the  case  of  some  carbonised  leaves  of 
dicotyledons  it  was  occasionallT  possible  to  obserre  a  sn^estion  of 
the  cont«uT«  of  the  elongate  cells  over  the  reins  and  their  branches  j 
but  this  was  of  no  particular  interest. 


Better  results  were  obtained  with  the  sporangia  of  fossil  terns.  In 
his  description  o(  Bietyophyllum  exile  last  year.  Professor  Ifathont 
was  able  to  publish  photogniphs  of  those  organs  enlai^ed  8  diameten; 
but  the  use  of  films  enabled  him  to  study  the  same  bodies  vitli  the 
microscope,  and  he  now  reproduces  a  photograph  enlarged  49  diameten. 
Fossil  sporangia  are  best  studied  by  this  method  when  they  have 
a  well-developed  onnulus,  but  good  imprints  have  also  bean  taken 
from  the  sporangia  of  TbdHes  WiUiamimt  in  which  this  is  not  Uie  case. 

Occasionally  some  sporangia  adhere  to  the  collodion  film  and  are 
pulled  away  with  it.  This  was  the  cose  with  a  specimen  of  lTimim*i«p- 
terU  Sehrnki.  By  laying  the  film  in  Eau  do  Jarelle  tha  walls  of 
the  sporangia  were  dissolved,  and  the  spores,  adhering  to  tha  ilm, 
exposed  in  their  undisturbed  position  {op.  eit.  alt.,  1907,  pL  n,  flg.  18), 

•  ScktHii  »«th.":   E.  St.  Xtttukapt'.tiai,  OmA, 
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Fossil  wood  it  readily  studied  by  this  method,  especially  when 
silicified.  In  this  case  the  broken  surfaces  generally  are  transverse^ 
radial,  and  tangential,  or  at  any  rote  such  surfaces  can  be  readily 
exposed  by  a  few  blows  of  the  hammer.  Collodion  imprints  of  these 
are  almost  equal  to  thin  sections  taken  in  the  same  directions,  and,  in 
coniferous  wood  for  example,  show  the  medullary  roys,  the  tracheids, 
and  the  bordered  pits  with  remarkable  distinctness.  Imprints  from 
a  silicified  fragment  of  Cupremnoxtjlon^  originally  described  by 
Conwentz  in  1891,  show  every  cell  in  the  clearest  manner  even  under 
high  powers  of  the  microscope.  Wood  from  Brown  Coal,  if  well 
preserved,  also  furnishes  good  imprints,  especially  of  surfaces  in 
a  longitudinal  direction. 

Plimt-remains  preserved  in  the  finer  sediments  of  chemical  origin, 
sneh  as  calcareous  tufa,  the  Mesozoic  silicious  rocks  of  Franz  Josefs 
Land,  and  some  clay  ironstones,  have  also  yielded  good  results.  Thui 
a  piece  of  a  Conifer  from  the  tufa  of  Benestad  in  Scania  gave  imprints 
showing  all  the  points  above  mentioned.  Leaves  in  tufa  have  not 
always  been  completely  embedded  before  decay  set  in,  and  may  not 
always  furnish  serviceable  preparations.  A  very  successful  imprint, 
was,  however,  made  from  a  leaf  in  the  Scanian  tufa,  referred  by 
C.  Kurck  in  1901  to  TiusUago  farfara.  This  preparation  showed  the 
oatlinet  of  the  epidermis-cells,  the  hair-soars,  the  stomata,  and  the 
peculiar  streakiness  of  the  outer  cell- wall,  even  under  a  magnification 
of  500  diameters  and  upwards  (Fig.  1).  Thus  Kurck's  determination 
was  fully  confirmed.  The  imprints  taken  from  these  tufaceous  fossils 
must  sometimes  bo  cleaned  by  acid  from  the  adherent  calcareous 
particles. 

As  regards  loaves  in  the  silicious  rock  from  Franz  Josef's  Land,  it 
is  enough  to  mention  that  Professor  Nathorst  now  publishes  photo- 
graphs of  films  showing  the  structure  of  the  epidermis-cells  and  the 
ttomata  in  Ihsmiephyllum,  features  that  Solms  Laubach,  who  studied 
the  same  specimens  in  1904  with  the  aid  of  thin  sections,  had  not  been 
able  to  discern. 

The  advantages  of  the  method  as  applied  to  fossil  plants  may  now 
be  siunmed  up.  It  is  not  claimed  that  collodion  imprints  can 
altogether  supersede  thin  sections,  although,  as  the  last  instance 
shows,  there  may  be  cases  in  which  they  reveal  even  more  than  the 
aaotions.  But  there  are  many  cases  in  which  either  time  or  the  state 
of  preservation  of  the  specimen,  or  perhaps  its  owner,  do  not  permit  of 
thill  sections  being  made ;  films  then  form  an  admirable  substitute. 
It  may  often  be  a  saving  of  time  to  work  over  a  collection  rapidly  by 
this  means,  sorting  fragments  into  their  genera,  and  selecting  for 
farther  treatment  those  that  seem  to  promise  best  results.  Why,  it 
may  be  asked,  not  put  the  specimens  cUrcctly  under  the  microscope  ? 
Because  in  some  cases  they  are  much  too  large  to  be  so  handled,  and 
In  any  case  the  structures  cannot  so  easily  be  seen  by  reflected  light. 
The  last  reason  reminds  one  how  readily  these  films  can  be  photo- 
graphed, although  even  the  excellent  photographs  reproduced  by 
Professor  Nathorst  cannot,  as  he  points  out,  reveal  the  structure  so 
well  as  the  films  themselves  when  studied  with  a  varying  focus.  But 
this  suggests  another  advantage :  the  films  are  easily  made,  and  oai 
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be  repeated  to  almost  any  extent  without  damaging  the  specimen,  so 
that  it  would  bo  a  simple  matter  for  any  worker  to  send  a  set  to  all 
his  correspondents,  or  better  still  to  the  chief  museums. 

Professor  Nathorst  suggests  that  the  method  may  also  prove  of 
service  to  zoologists,  whether  neontologists  or  paleontologists. 
Certainly  it  might  sometimes  enable  one  to  study  delicate  ornament 
and  to  obtain  photographs  of  it  with  greater  ease,  especially  when 
the  specimen  itself  is  of  a  dark  colour  or  irregularly  spotted  with 
colour.  Some  of  the  minuter  Bryozoa,  or  colonial  Kydrozoa,  or 
Stromatopores,  might  perhaps  lend  themselves  to  this  treatment. 
I  have  myself  laid  in  a  stock  of  collodion  solution  and  intend  to  OBe 
the  method  as  occasion  offers.  Meanwhile  it  is  hoped  that  the 
publication  of  this  note  will  direct  the  attention  of  other  workers 
in  this  country  to  what  promises  to  be  a  valuable  aid  to  the 
paleontologist. 


III. — ^RECf.SSIOK   OF  THE  NiAGABA.  FaLLS.^ 

By  Professor  J.  W.  Spkncer,  A.M.,  Ph.D. 

FOR  many  years  liTiagara  Palls  and  the  Great  Lakes  of  America 
have  been  special  subjects  of  my  researches.  These  at  last  have 
been  completed  imder  the  Commission  from  Dr.  Robert  Bell,  acting 
Director  of  the  Geological  Survey  of  Canada,  and  later  of  Mr.  A.  P. 
Low,  Director,  with  results  beyond  anticipation.  These  were  obtained 
through  precise  instrumental  measurements,  borings,  and  soundings, 
not  hitherto  undertaken. 

My  recent  survey  of  the  crest-line  (1904-5),  compared  with  that  of 
Professor  James  Hall,  1842,  shows  the  mean  rate  of  recession  to  have 
been  4  2  feet  a  year,  with  the  average  breadth  of  the  gorge  produced 
by  the  falls  being  1200  feet.  But  a  longer  record  (agreeing  with  the 
more  recent)  has  been  found  by  Mr.  James  "Wilson  and  myself  in 
discovering  the  position  of  the  Falls  in  1678,  from  the  crude 
description  and  picture  made  by  Father  Hennepin  at  that  time. 
Between  1890  and  1905  the  rate  of  greater  recession  diminished. 

I  succeeded  in  making  soundings  under  the  Falls  and  throughout 
the  Gorge  by  the  use  of  Tanner-Blish  self-registering  tubes,  depending 
upon  the  hydrostatic  pressure,  as  the  current  was  too  strong  for  the 
use  of  an  ordinaiy  line.  At  the  Whirlpool,  and  at  some  other  places, 
it  was  necessary  to  work  from  a  cable  swung  across  the  Gorge. 
Under  the  Falls  themselves,  the  sounding  tubes  were  inserted  in 
a  specially  designed  buoy  which  the  force  of  the  Fall  droice  down  to 
the  rocks,  that  had  collapsed  beneath  the  Falls  themselves.  These 
were  reached  at  72  feet,  while  the  floor  of  the  river  beyond  varied 
from  84  to  100  feet  below  the  surface  of  the  river.  Farther  down. 
there  was  a  lateral  inner  gorge,  reaching  to  192  feet,  which  could 
not  have  been  produced  by  the  present  descent  of  the  Falls.  An 
explanation  of  this,  however,  was  found. 

^  Bead  before  the  British  Association  for  the  Adtancement  of  Science^  SectUni  E 
(Geography),  Leicester,  August,  1907.     Abstract. 
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The  riyer  at  the  Whirlpool  was  measured  to  a  depth  of  126  feet, 
but  this  was  not  quite  in  tiie  middle  of  the  current,  where  the  depth 
is  supposed  to  be  14  feet  greater.  Below  the  Whirlpool  the  river  is 
shallower.  From  a  short  distance  below  the  Falls  extending  to  the 
Whirlpool,  the  bottom  of  the  channel  has  a  depth  of  about  90  feet 
below  the  level  of  Lake  Ontario. 

At  points  a  short  distance  within  the  end  of  the  gorge  and  also 
beyond,  a  narrow,  deep,  inner  channel,  reaching  to  about  180  feet 
below  the  level  of  Lake  Ontario,  was  discovered.  This  established 
the  fact  that  the  aggregate  height  of  the  different  parts  of  Niagara 
Falls  was  more  than  500  feet. 

A  terrace  formed  upon  the  birth  of  the  Falls  shows  that  they  were 
only  35  feet  high.  The  present  height  is  158  feet,  with  a  descent  of 
the  different  parts  of  Niagara  River  reaching  326  feet. 

During  the  long,  earlier  history  of  Niagara,  there  were  at  first  two, 
and  later,  three,  separate  cataracts.  The  upper  two  united  when  the 
Falls  had  receded  about  three  miles ;  the  thinl  joined  the  others 
later,  but  it  had  no  effect  on  the  recession  of  the  mam  Falls,  as  it  was 
soon  reduced  in  height  by  the  backing  of  the  waters  of  Lake  Ontario. 

Until  this  time,  when  the  Falls  had  passed  the  point  of  union  by 
only  600  feet,  the  volume  of  the  river  was  15  per  cent,  of  the  modem 
size.  Now  it  was  increased  to  100  per  cent.,  breaking  through  the 
floor  of  the  canon  to  a  depth  of  135  feet,  which  the  united  cataracts 
had  not  been  able  to  do  before  the  increase  in  the  volume  of  the  Falls. 
This  augmentation  resulted  from  the  accession  of  the  drainage  of 
Lakes  Huron,  Michigan,  and  Superior,  which  formerly  drained  to  the 
north-east,  and  only  now  joined  the  Lake  Erie  discharge,  for  until 
this  time  Niagara  received  only  the  drainage  of  Lake  Eric.  This 
change  was  due  to  a  tilting  of  the  earth* s  crust,  which  culminated  only 
3,500  years  ago. 

The  Upper  Eapids  are  due  to  the  river  recently  reopening  a  buried 
valley  and  descending  over  its  eastern  slope.  This  valley,  however, 
did  not  trend  northward,  but  southward.  Accordingly,  the  Upper 
Rapids  have  had  little  to  do  witli  the  recession  of  tlie  Falls. 

Thus  it  appears  that  the  rate  of  recession  has  been  modified  by 
changes  of  volume  and  of  height.  These  features,  and  the  character 
of  the  rock-formation,  as  well  as  tlie  buried  valleys,  I  now  know  for 
every  furlong  which  the  Falls  have  receded.  If  we  apply  the  laws  of 
erosion  to  these  changing  features  the  result  will  indicate  that  the 
time  required  for  the  recession  of  the  first  three  miles  was  35,000 
years;  but  for  the  last  four  miles  only  3,500  years,  which  gives 
a  total  age  of  39,000  years.  As  all  the  changing  conditions  are  now 
known,  it  appears  that  the  probable  error  does  not  exceed  1 0  per  cent. 
This  is  the  only  computation  of  the  age  of  the  Falls  which  has  been 
made  upon  measurements  of  all  the  changes  in  the  physics  of  Niagara 
Falls,  to  which  no  other  has  had  access. 

Almost  all  of  the  physical  changes  in  the  history  of  Niagara  Falls 
have  been  made  by  the  wiiter,  at  different  times.  These,  with  the 
newly-foimd  features,  have  now  been  brought  together  for  the  first 
time,  and  will  form  a  monograph  of  the  Geological  Survey  of  Canada. 
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IV.-^Thb  Eotifobm  Brtozoa.  of  the  Isle  op  Wigst. 
By  J.  W.  Grzoort,  D.Sc.,  P.R.S.,  P.0.8. 

AS^ALL  fossil  with  a  wheel-shaped  body  borne  on  a  narrow  fltem 
has  long  been  known  from  the  base  of  the  JSblaster  planui  xone 
in  the  Isle  of  Wight.  It  has  been  recognized  as  one  of  the  Bryozoa, 
but  has  not  been  described,  although  once  recorded  as  "near  DefrwuU 
diadema.  Hag."  ^  It  has  also  been  recorded  by  Dr.  A.  W.  Bowe  u 
"  the  beautiful  little  rotiform  Bryozoon.'" 

The  following  diagnosis  has  been  lying  unpublished  for  eight  yean 
in  the  manuscript  of  the  second  volume  of  the  Catalogue  of  Cretaoeoiu 
Bryozoa  in  the  British  Museum.  A  preliminary  account  of  the  species 
is  now  issued,  as  the  name  is  wanted  for  reference  in  the  comae  of 
Dr.  A.  AV.  Howe's  forthcoming  memoir  on  the  Chalk  of  the  Isle  of 
Wight.  A  fuller  account  of  the  species  with  illustrations*  on  plates 
drawn  in  1900,  will  be  given  in  the  Catalogue,  which  it  is  hop«l  will 
be  issued  during  this  Winter. 

BiCATEA.  BOTAFORUIS,'  n.Sp. 

Diagnosii. — Zoarium  simple  or  compound,  with  a  narrow  cylindrietl 
stem,  attached  in  a  circular  conca^'ity  in  the  lower  part  of  the  body. 
The  body  of  tho  zoarium  is  discoid,  or  wheel-shaped,  and  has  on  the 
margin  a  series  of  vertical  radial  projections  like  cog-wheels.  The 
cogs  usually  project  for  a  distance  nearly  equal  to  the  radius  of  the 
disc.  The  cogs  may  be  prolonged  at  their  upper,  outer  comer  into 
spikc-liko  fasciculi.  The  upper  surface  between  the  bases  of  the 
fasciculi  is  depressed,  and  occupied  by  the  small,  crowded,  irregulir 
apertures  of  tho  intermediate,  subordinate  zooecia.  Stems  appear 
solid  aud  imperfomte,  as  they  are  covered  by  a  lamina,  which  is 
flutctl  vertically  or  wrinkled  horizontally.  Two  zoaria  may  ari« 
from  one  stem,  or  several  zoaria  may  arise  from  a  stolon. 

Dimensions. 

Diameter  of  b<>dy,  central  disc 

Diameter  of  body,  including  projections... 

Lenj:th  of  stem      ...         ...         

Diameter  of  stem 

Zooecia,  diameter 

ZooDcia,  diameter  of  aperture        

Number  of  fasciculi 

Distribution. — Dr.  Rowe  has  kindly  given  me  the  following  list  of 
localities.  Tho  horizon  is  always  the  base  of  the  HolasUr  planut 
zone: — Dorset:  Mupe  Bay.  Isle  of  Wight:  Military  Koad«  Fresh- 
water; Pit  No.  13,  Shalcombe  Down;  Pits  Nos.  19  and  20,  Arreton 
Down;  Pit  Xo.  37,  Brading  Down;  Pit  No.  51,  Carisbrooke;  and  at 
Compton  Bay  and  Culver  ClifE. 

Affinities. — The  nearest  allies  of  this  species  are  some  specimens 
from   the  Danian  Chalk   of   Faxoe  described   as  Radioporu  ffrfidW/ 

»  H.  AV.  Bristow :  "  Geoloprv  of  the  Isle  of  Wiyht,"  2nd  ed.,  1889,  p.  872. 

3  A.  AV.  Rowe:  ''The  Zones  of  the  Wliite  Chalk  of  the  English  GoMt— 
II.  Dorset*':  Proc.  Geol.  Assoc.,  vol.  xvii,  pt  1,  1901,  pp.  23,  46. 

^  Shaped  like  a  cog-wheel. 

*  Hadwpora  urnula,  Per^ens  &  Meunier :  Brv.  par.  Paxe :  Aim.  8oc.  mal.  Belg., 
vol.  ixi,  pp.  221-226,  pi.  ix,  figs.  1-5 ;  pi.  x,  tig.  6. 
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Tar.  itipUtftOy  by  Fergens  &  ^leunier  in  1 B87  ;  the  authors  divided  that 
•peciet  into  three  yarieties,  of  which  the  form  itipitata  has  a  narrow 
atem  and  discoid  head  like  the  English  specimens.  Some  workers  at 
Bryosoa  would  no  doubt  include  the  Danian,  the  French  Maastrichtian, 
and  the  British  Turonian  varieties  as  all  members  of  one  species, 
which  would  then  have  the  name  B,  umula  (d*Orb.).^  But  the 
differences  between  the  specimens  from  these  three  horizons  seem 
adequate  for  their  specific  separation.  The  B,  umula,  the  type 
specaee  d  the  genus,  has  a  vasiform  body,  which  is  convex  below  and 
passes  gradually  into  the  short  stem,  while  the  apertures  of  the  zooecia 
are  on  tufts  or  radial  keel -like  plates  projecting  above  the  body. 
J9.  roia/ormii,  the  oldest  representative  of  the  genus,  has  a  wheel- 
shaped  body  on  a  narrow  stem,  and  the  apertures  are  on  vertical  teeth 
on  the  sides  of  the  body.  The  Dunian  forms  are  very  variable  in 
farm ;  the  stem  is  longer  and  narrower  than  in  B,  umula,  but  it  still 
passes  by  a  gradual  expansion  into  the  body ;  the  usual  form  of  the 
zoarium  is  more  piriform  than  in  B.  rotaformii.  Further  differences 
are  that  in  the  Danian  forms  the  stem  is  perforate,  and  the  apertures 
of  the  zooecia  open  on  ridges  which  project  but  slightly  from  the  disc  ; 
in  one  specimen  of  var.  atipitata  one  of  the  ridges  projects  upwards  as 
one  of  the  spine-like  processes  so  characteristic  of  the  genus.  Thouf^h 
B,  roUiformU  is  variable,  the  lower  side  of  the  body  is  apparently 
always  concave,  whereas  in  the  Danian  forms — which  I  regard  as 
a  now  species  with  the  name  B,  pergemi — and  in  B,  umula  the  base  is 
always  concave.  Both  "Dr.  Bx)we  and  Mr.  C.  D.  Slierbom,  who  have 
collected  a  considerable  number  of  specimens  of  B.  rota/arnns,  tell  me 
that  they  have  not  seen  one  with  a  vasiform  body,  and  my  more 
limited  experience  has  been  the  same. 


Y. — On   Ay  Apricax   Occuruknce   of  Fossil    Mammalia   a8sociat£I) 

WITH  SroNJi  Implements. 

By  F.  P.  Mennbll,  P.G.S..  and  E.  C.  Chubh,  F.Z.S.,  of  the  Rhodesia 

Miueum,  Bulawayo. 

STONE  implements  have  long  been  known  to  occur  in  South  Africa, 
but  nearly  all  the  recorded  discoveries  have,  until  quite  recently, 
been  made  at  the  Cape.  Indeed,  it  is  only  lately  that  the  subject  has 
attracted  much  attention,  and  that  the  circumstances  of  their  occurrence 
have  been  at  all  fully  investigated.  Even  now  there  is  little  precise 
information  on  the  poiut,  and  yet  it  is  essential  to  the  solution  of  the 
problems  they  present.  For,  as  one  of  us  has  previously  pointed  out,' 
in  attempting  to  ascribe  to  their  proper  source  the  stone  implements 
found  in  South  Africa,  we  are  confronted  with  difficulties  that  are 
unknown  in  Europe.  "Not  only  has  the  country  been  inhabited  down 
to  the  present  day  by  tribes  like  the  *  Bushmen '  unacquainted  with 
the  working  of  metals,  and  whose  origin  probably  long  antedates  the 

*  Tateieuiipora  umula,  d'Orbigny,  18.50:  Prod.  Pal.,  vol.  ii,  p.  268,  Bieacea 
mrtMla,  d'Orbigny :  Brv.  Cr^t. :  Pal.  Franv-,  vol.  v,  1854,  p.  956,  pi.  776,  fig^s.  1-2. 

'  See  Fourth  Annual  Report  of  the  Rhodesia  Museum  (1904),  which  contains  the 
ilrst  published  descriptions  of  Rhodesiau  stone  implements. 
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earliest  Egyptian  civilisation,  but  we  find  stone  still  emploTed  by  the 
Bantu  for  certain  purposes,  and  in  Ehodesia  the  question  is  still 
further  complicated  by  the  existence  of  numerous  ruius  built  by  an 
unknown  race  possessing  a  considerable  degree  of  barbaric  culture,  but 
still  employing  primitive  types  of  stone  implements.  Oeological 
evidence  is  therefore  more  than  usually  necessary,  but,  when  there  Li 
any,  it  is  frequently  very  ambiguous  owing  to  the  characters  of  the 
superficial  deposits.  More  often  than  not  it  is  altogether  lacking,  the 
great  majority  of  the  implements  found  having  been  picked  up  on  the 
surface.  Colonel  Feilden  some  time  ago  pointed  out  the  probability 
of  certain  of  the  Zambezi  implements  being  of  vast  antiqui^,'  and  one 
of  us  had  already  formed  a  similar  opinion  in  the  course  of  a  brief  visit 
to  the  Victoria  Falls.  It  is  also  probable  that  in  other  parts  of 
Ehodesia  the  high-level  laterites,  corresponding  to  the  plateau  graveli 
of  rivers  like  the  Thames,  arc  the  source  of  the  implements  found 
where  they  occur,  but,  as  in  the  case  of  the  Zambezi,  we  are  unable 
to  afford  absolute  proof. 

Many  of  the  Rhodesian  implements  can  with  considerable  confidence 
be  ascribed  to  the  Bushmen,  from  their  being  found  in  caves  decorated 
with  the  well-known  paintings  of  that  primitive  race.  These  paintings 
cannot  usually  be  deemed  of  any  great  antiquity,  but  the  fact  that  an 
implement  is  Bushman  does  not  in  any  case  prevent  its  being  of  con- 
siderable age,  and  it  is  not  even  any  guarantee  that  it  is  not  fully  as 
ancient  as  the  European  palaeoliths.  And  it  need  hardly  be  pointed 
out  that  all  cave  implements  are  not  necessarily  Bushman,  as  the  caves 
may  have  had  diffei*ent  occupants  at  different  periods.  But  for  con- 
clusive proofs  of  antiquity,  it  is  necessary  for  the  I'elics  of  human 
occupation  to  be  associated  with  animal  remains.  Such  remains  have 
so  far  been  exceedingly  rare  in  Africa,  and  the  recent  discovery  in 
JN^orthern  Rhodesia  of  fossil  mammalian  bones  which  proved  to  be 
a<*sociated  with  stone  implements  is  therefore  of  great  interest. 
Several  casual  references  to  the  matter  have  already  appeared  in  print, 
and  at  the  risk  of  being  somewhat  premature  in  our  conclusions  it  has 
seemed  advisable  to  publish  the  following  notes  on  the  occurrence  so 
as  to  place  on  record  what  has  been  definitely  ascertained  up  to  the 
present.  Our  investigations  have  been  chiefly  based  on  specimens  in 
the  Rhodesia  Museum  presented  by  the  Broken  Hill  Company, 
Mr.  Franklin  White,  Mr.  Marshall  Hole,  and  others,  as  well  as  on 
other  material  for  the  opportunity  of  examining  which  we  are  indebted 
to  Mr.  White  and  Mr.  F.  G.  Col  vile. 

The  Rhodesian  Broken  Hill  Mine  is  situated  about  150  miles  north 
of  the  Kafue  River  in  North -Western  Rhodesia.  •  It  contains  extensive 
zinc  and  lead  deposits,  which  have  a  prominent  outcrop  in  the 
shape  of  two  small  hills  or  *  kopjes*  rising  out  of  a  *vlei,'  or 
swampy  flat.  The  surrounding  country  is  chiefly  limestone,  which 
is  associated,  in  proximity  to  the  ore-body,  with  schistose  rocks, 
evidentlv  altered  sandv  and  shalv  sediments,  together  with  crashed 
bands  of  the  limestone  itself.  There  is  granite  not  many  miles  distant. 
but  the  ores  do  not  appear  to  have  any  direct  connection  with  an  igneous 

^  Nature y  vol.  Ixxiii,  p.  77. 
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rock ;  they  seem  rather  to  be  rekted  to  faulting  and  shearing  of  the 
Hmestone  at  its  junction  with  the  schists.  Surface  specimens  of  the 
limestone  are  usually  somewhat  coarsely  crystalline,  and  white  or  grey 
in  colour,  with  few  impurities  save  quartz.  Lower  down  in  th& 
workings  they  are  often  black  or  reddish  in  colour,  and  closely  resemble 
the  Carboniferous  Limestone  of  Somersetshire.  Under  the  microscope, 
however,  they  differ  in  toto,  having  a  foliated  structure  in  even  the 
most  compact-looking  specimens.  It  is  probable,  therefore,  that  th& 
sugary  appearance  of  the  outcropping  rock  is  due  to  some  form  of 
suxtace  alteration.  It  cannot  be  attributed  to  pressure  or  contact 
metamorphism,  as  it  would  in  that  case  be  just  as  apparent  below 
ground  as  it  is  above.  The  limestone  is  highly  magnesian  and  some- 
times approaches  a  true  dolomite  in  composition,  ^o  definite  silicate 
minerals  can  be  detected  under  the  microscope. 

The  feature  of  the  ore-body  with  which  we  are  now  chiefly 
concerned  is  the  extraordinary  accumulation  of  mammalian  bones  ia 
No.  1  Kopje.  Beautifully  crystallised  phosphatic  minerals  have  also 
been  found  in  No.  2  Kopje,  but  although  it  would  seem  a  natural 
inference  that  they  are  duo  to  the  interaction  of  tho  metalliferous 
solutions  with  the  lime  phosphate  of  bones,  none  of  the  latter  have 
been  met  with.  The  amount  of  bones  in  No.  1  Kopje  is  enormous. 
They  occur  in  the  central  part  of  the  kopje  and  almost  continuously 
beneath  it,  below  tho  level  of  tho  surrounding  flats.  It  would  appear 
that  the  bone  deposits  represent  the  infilling  of  a  large  cavern  in  the 
limestone,  perhaps  with  a  kind  of  swallow-hole  leading  down  from 
the  top  of  ^e  kopje,  though  there  is  no  actual  opening  at  the  present 
time.  It  is  difficult  from  the  data  at  present  available  to  determine- 
with  any  certainty  the  relative  ages  of  the  different  layers  of  bones, 
but  their  accumulation  must  have  taken  a  very  long  period  of  time. 
There  are  masses  of  bones  almost  free  from  other  substances,  and 
there  are  interspersed  muddy  layers  containing  zinc  compounds,  but 
free  from  bones.  Much  of  the  material,  however,  which  shows  no 
large  bones,  yields  on  disintegration  innumerable  bones  of  rats,  shrews, 
birds,  etc.  The  bones  are  in  nearly  all  cases  partly  or  wholly 
converted  into  zinc  phosphate  (hopeito  ?).  They  are  therefore  truly 
fossil,  the  organic  matter  having  disappeared,  and  having  been 
completely  replaced  by  mineral  substances.  Yughs  in  the  deposit 
are  often  lined  with  magnificent  crystals  of  tho  rare  mineral  hopcite, 
and  they  also  show  at  times  more  or  less  dendritic  coatings  of 
a  substance  which  at  first  was  taken  for  amorphous  zinc  phosphate, 
but  which  is  rich  in  vanadium,  and  may  really  be  a  calcium  vanadate^ 
The  new  triclinic  zinc  phosphate  *  tarbuttito '  occurs  in  No.  2  Kopje, 
with  cerussite,  hemimorphite,  hopeite,  pyromorphite,  and  vanadinite 
or  descloizite,  and  does  not  seem  to  be  found  in  the  bone  deposit. 

The  bones  make  up  vast  accumulations  of  isolated  broken  frag- 
ments. Whole  bones  are  the  rarest  exceptions,  and  are  exceedingly 
difficult  to  extract  even  when  discovered.  There  never  appeal' 
to  be  a  number  of  bones  belonging  to  tho  same  animal  occurring 
together,  as  would  be  the  case  if  they  had  died  naturally  on  the 
spot,  or  been  accidentally  engulfed,  in  the  way  suggested  for  the 
well-known  occurrence  at  the  Winnats,  Castleton,  Derbyshire.     It 
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seems  certain  that  the  deposits  as  a  whole  represent  the   materials 
iicoamulated  during  alternating  occupations  of  the  original  cavern  bv 
animals  and  human  heings,  with  intervening  periods  when  the  care 
was  untenanted  owing  probably  to  flooding  with  water.     The  animal 
occupants  were  such  as  are  found  together  in  the  lihodenan  caret  of 
the  present  day,  namely,  hyeenas  and  porcupines,  no  doubt  accompanied 
by  owls  and  bats.      Some  of  the  bones  show  signs  of  having  been 
gnawed  by  hyaenas,  and  there  can  be  little  doubt  that  many  of  them 
were  dragged  into  the  place  when  it  served  as  a  hya>na  den.     Most  of 
the   smaller  bones  are  probably  to  be  accounted  for  in  a  somewhat 
similar  fashion,  the  rats,  shrews,  etc.,  having  formed  the  prey  of  owls, 
and  the  bones  having  been  ejected  in  the  usual  pellets  after  the  birds 
had  assimilated  the  more  digestible  portions  of  the  bodies.      An 
examination  of   modem  owl  pellets  entirely  confirms  this  view,  ai 
these  latter  show  tlio  same  predominance  of  head  and  leg  bones  as  do 
the  washings  of  the  Broken  Hill  deposit.     As  usual  with  mammalian 
remains,  lower  jaws  are  particularly  prominent.     Those  parts  of  tht 
deposit  which  contain  implements  no  doubt  owe  their  accumulation  in 
great  part  at  least  to  human  agency,  the  bones  being  relics  of  the  food 
supply  of  the  ancient  inhabitants.     It  may  at  once  be  stated  that  the 
contemporaneity  of  the  implements  and  bones  is  entirely  beyond 
question.     Masses  of  the  deposit  full  of  bones  when  disintegrated  by 
soaking  in  water,  are  found  to  contain  embedded  implements.     These 
latter  arc  of  a  rude  onler  and  mostly  made  of  quartz,  owing  of  ooune 
to  the  absence  of  any  more  suitable  material  in  the  vicinity.     There 
seems  to  be  a  strong  prejudice  in  England  against  the  genuineness  of 
implements  made  of  quartz,  and  it  may  therefore  bo  well  to  emphasize 
the  fact  that  some  are  made  of  chert  brought  from  a  distance,  and  it 
may  also  be  well  to  point  out  that  quartz  is  a  very  common  material 
for  Bushman  implements,  which  the  Broken  Hill  onos  much  resemble. 
Knives,  scrapers,  and  grooved  scrapers  are  the  common  types.     Some 
of  the  bones  show  indications  of  having  been  cut  previously  to  their 
mineralisation,   as  if   to  make  implements,  though  no  finished  bone 
implements  have  so  far  been  brought  to  light.    One  tibia  of  a  moderate- 
sized  ungulate  in  the  Rhodesia  Museum  has  had  a  nearly  circular  hole 
made   in  it  prior  to  its  replacement   by   zinc  salts.      This  may  be 
attributed  to  a  wound  from  an  aiTow  of  the  Bushman  type,  or  it  may 
liave  been  bored  with  a  view  to  making  an  implement  or  ornament: 
in  either  case  it  must  be  due  to  human  agency. 

With  regard  to  the  age  of  the  deposit,  it  must  represent  a  long 
ptn-iod  of  time  in  all,  but  it  will  be  noted  from  tho  subjoined  list  that 
nearly  all  the  bones  appear  to  be  referable  without  much  doubt  to 
recent  species  inhabiting  the  country  at  the  present  day.  It  is 
probable,  however,  that  some  may  represent  closely  allied  but  really 
ancestral  forms,  and  this  certainly  appears  to  be  the  case  with  the 
s])ocies  of  Diceros  (rhinoceros)  of  which  two  well-preserved  bones  are 
now  in  the  Rhodesia  Museum.  It  is  unfoitunate  that  we  are  not  in 
possession  of  skulls  or  teeth  of  this  animal,  but  we  think  there  can  be 
little  doubt  as  to  its  being  new,  and  it  has  therefore  been  thought  well 
to  give  it  a  name  for  convenient  future  reference. 

The  mineral  condition  of  tho  bones  and  the  obvious  changes  in  the 
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physical  features  of  the  locality  since  the  deposit  was  formed  are 
entirely  in  accord  with  the  idea  of  its  being  of  vorj'  great  age  from  an 
anthropological  point  of  view.  There  consequently  appears  to  be 
every  justification  for  our  belief  that  the  evidence  affords  the  strongest 
presumption  of  the  great  antiquity  of  man  in  this  part  of  the  world, 
and  that  further  investigations,  which  we  hope  shortly  to  undertake, 
will  reveal  even  more  convincing  proof  on  this  head. 

LIST   OF   VERTEBRATE   REMAINS. 

[By  E.  C.  Chubb.] 

The  following  is  a  list  of  the  vertebrates  represented  by  teeth  or 
bones,  and  identified  as  accurately  as  is  possible  with  the  scanty 
material  at  ray  disposal  for  comparison.  **  R.M."  after  a  description 
indicates  a  specimen  in  the  Rhodesia  Museum. 

MAMMALIA. 

Insectivora. 

An  almost  complete  skull,  two  or  three  upper  jaws,  and  numerous 
lower  jaws  of  shrews.     (R.M.) 

Carnivoba. 

Felts  leo,  Linn.     A  right  ramus  and  a  few  odd  teeth. 

JFelis  spp.  The  canine  of  an  animal  about  the  size  of  a  leopard,  and 
one  about  the  size  of  Felts  ocreaia.  Also  two  lower  jaws  apparently 
belonging  to  Felis  sercal. 

Hyana  sp.  A  right  ramus,  belongs  to  a  hyaena,  but  it  does  not 
agree  exactly  with  H.  crocuta.     (R.M.) 

ViverridsB.  The  right  ramus  of  a  member  of  this  family  about 
the  size  of  a  large  genet. 

RODENTIA. 

Tatera  sp.     Several  upper  and  lower  jaws.     (ll.M.) 

Otomys  sp.  A  number  of  lower  jaws  showing  the  characteristic 
laminated  molars  and  grooved  incisors.  There  are  also  one  or  two  odd 
incisors  and  molars.     (R.M.) 

Mus  spp.  Great  numbers  of  lower  jaws  and  a  few  portions  of  upper 
jaws  belonging  to  several  different- sized  species.     (R.M.) 

BathyergidflB.  A  right  ramus,  without  teeth,  approximating  to 
Oeorychus  capensis  in  size.     (ll.M.) 

Hystrix  sp.     A  complete  ramus  and  an  odd  incisor. 

Unoulata. 

Phaeoehcerus  tEthiopicus^  Pall.  A  right  upper  tusk  and  a  portion  of 
an  upper  tusk,  showing  scraping  and  chipping  by  human  agency.  A 
lower  tusk. 

Elephas  africanus,  Blumen.  The  proximal  portion  of  a  humerus, 
and  part  of  a  scapula. 

JOieeroSy  Gray.  Two  complete  bones,  a  left  humerus  and  a  right 
tibia,  of  a  rhinoceros,  excavated  by  Mr.  Franklin  "Wliite,  were  presented 
by  him  to  the  Museum.  (R.M.  Ko.  546.)  On  comparing  these  with 
bones  of  the  modern  D.  hicornis^  I  find  they  differ  so  materially  as  to 
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warrant  their  recognition  as  belonging  to  a  distinct  species.     This  may 
be  known,  after  the  discoverer,  as  JDiceros  tchiiei,  sp.  no  v. 

JDtceros  whitei^  sp.  nov.  The  humerus  of  this  species  differs  most 
remarkably  from  that  of  D.  hicomU  in  the  shape  of  its  distal  end. 
The  olecranon  fossa  is  very  much  narrower  than  in  D,  hiconm,  being 
29  mm.  in  diameter,  as  compared  with  51  mm.  for  a  specimen  of  the 
latter.  Indeed,  the  whole  bone,  although  evidently  that  of  a  fully 
adult  individual,  is  smaller  and  much  slighter  in  proportion  to  its 
length,  which  is  330  mm.,  from  the  trochlea  to  the  head  of  the 
humerus,  while  D,  bicomii  measures  358  mm.  The  tibia,  although 
not  differing  to  the  same  extent  as  the  humerus,  is  nevertheless 
slightly  narrower  in  proportion,  and  a  little  shorter.  This  species  is 
evidently  a  form  of  rhinoceros  smaller  and  less  heavily  built  than 
JD.  hicornis.  For  this  reason  it  is  also  distinct  from  D,  iimui,  and  from 
JD.  simplicidensy  Scott/  which  is  likewise  larger  than  2>.  hieomit, 
I  hope  shortly  to  publish  figures  showing  fully  the  differences  between 
the  species. 

JEJquus  sp.     Several  molars  probably  belonging  to  a  zebra. 

Connochafes  tanrinuSy  Burch.     The  basal  portion  of  a  horn-core. 

Strepsiceros  strepsiceroSy  Pall.     An  imperfect  horn-core. 

Taurotragus  oryx.  Pall.     Portion  of  a  horn-core. 

In  addition  to  the  above  there  are  in  the  Rhodesia  Museum  a  number 

of  bones  and  teeth  of  various  other  antelopes,  not  identifiable  with 

certainty. 

AVES. 

An  incomplete  pelvis  of  a  small  bird,  an  ulna,  and  several  leg-bones. 

AMPHIBIA. 
The   ischial   portion   of   a  frog's  pelvis;   also  an   astragalus  and 
calcaneum. 


VI. — Iron  Ore  Supplies. 
By  Bennett  H.  Brovoh,  Assoc.  R.S.M.,  F.G.S.,  F.I.C. 

OF  all  the  problems  with  which  the  practical  geologist  has  to  deal, 
none  is  of  greater  importance  at  the  present  time  than  the 
discovery  of  fresh  sources  of  iron  ore  supply.  Every  inhabitant  of 
the  United  Kingdom,  of  the  United  States,  and  of  Germany  requires 
annually  about  a  quarter  of  a  ton  of  the  iron  of  which  the  world  last 
year  produced  60,000,000  tons,  the  result  of  the  smelting  of  over 
120,000,000  tons  of  ore.  Year  by  year  the  production  and  consumption 
are  increasing,  and  many  of  the  deposits  of  the  richer  ores  are  showing 
signs  of  depletion.  The  question  of  ascertaining  how  the  demand  for 
the  vast  supplies  of  iron  ore  that  will  in  the  future  be  needed  will 
be  met  calls,  therefore,  for  very  serious  consideration,  and  a  few 
statistical  notes  may  bo  useful  as  a  contribution  to  a  discussion  of 
the  subject. 

^  Third  Rep.  Natal  Geol.  Survey,  1907,  p.  257.  In  employing  the  generic 
name  Opsiceros  for  his  specie**,  Scott  lias  overlooked  a  paper  by  Thomas  in  r.Z.S., 
1901,  p.  158,  wliere  it  is  showu  that  Gray*s  name  Diceroa  antedates  by  twenty  yean 
OpaictroSf  Gloger. 
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Daring  the  past  half-century  the  development  of  the  iron  industry 
has  been  remarkable.  In  1854  Mr.  J.  E.  Blackwell  showed  that  the 
world's  production  of  pig  iron  did  not  exceed  6,000,000  tons»  of  which 
the  United  Kingdom  produced  50  per  cent.,  France  and  the  United 
States  each  12^  per  cent.,  and  Germany  6*6  per  cent.  In  1905  the 
world's  production  had  attained  the  enormous  total  of  56,000,000  tons, 
of  which  the  United  States  produced  42*7  per  cent.,  Germany  and 
Luxemburg  20  per  cent.,  the  United  Kingdom  17*6  per  cent.,  and 
France  5*5  per  cent. 

In  Great  Britain  the  principal  iron-ore  producing  districts  are 
Cleveland,  in  North  Yorkshire,  which  in  1905  yielded  41  per  cent, 
of  the  total  output  of  the  kingdom;  Lincolnshire  (148  per  cent.), 
Northamptonshire  (13*9  per  cent.),  and  Leicestershire  (4*7  per  cent.), 
together  yielding  33*4  per  cent,  of  the  tQtal  output;  Cumberland 
(8*6  per  cent.)  and  North  Lancashire  (2*7  per  cent.),  Staffordshire 
(6*1  per  cent.),  and  Scotland  (5*7  per  cent.).  The  Cleveland  iron  ore 
occurs  in  a  10-foot  bed  in  the  Middle  Lias,  and  contains  about  30  per 
cent,  of  iron.  It  is  worked  by  underground  mining.  In  Lincolnshire, 
Northamptonshire,  and  Leicestershire  the  brown  iron-ore  beds  form 
part  of  the  Inferior  Oolite,  and  contain  about  33  per  cent,  of  iron, 
the  workings  being  mostly  opencast.  In  Cumberland  and  North 
Lancashire  ^e  red  hsematite  occurs  in  irregular  masses  in  Carboniferous 
Limestone.  It  contains  more  than  50  per  cent,  of  iron,  and  is  worked 
by  underground  mining.  The  ironstone  in  Staffordshire  and  in 
Scotland  is  mostly  obtained  from  mines  that  also  produce  coal. 

Such,  in  brief,  are  the  home  deposits  from  which  the  British  supply 
of  14,590,703  tons  of  iron  ore,  valued  at  £3,482,184,  was  obtained  in 
1905.  Even  that  enormous  output  did  not  meet  the  consumption,  and 
7,344,786  tons  were  imported.  Of  that  amount  78*5  per  cent,  was 
brought  from  Spain,  5*4  per  cent,  from  Norway,  4*2  per  cent,  from 
Greece,  4*0  per  cent,  from  Algeria,  2*6  per  cent,  from  France,  2*6  per 
cent,  from  Sweden,  1*5  per  cent,  from  Russia,  and  smaller  quantities 
from  Turkey,  Germany,  islands  in  the  Pacific,  Belgium,  Newfoundland, 
India,  Australia,  Italy  (Elba),  Persia,  Portugal,  and  other  countries. 
In  fact,  the  world  is  being  ransacked  for  fresh  iron-ore  fields  to  supply 
ores  for  the  British  blast-furnaces.  The  port  at  which  most  of  the  ore 
was  delivered  was  Middlesbrough  (1,789,639  tons),  then  followed 
Glasgow  with  1,042,179  tons,  and  then  Cardiff  with  875,462  tons. 

Widle  it  is  probable  that  the  British  iron-ore  fields  will  be  exhausted 
in  a  century  or  two,  the  outlook  in  other  countries  is  similar.  This  is 
bome  out  by  data  relative  to  the  available  iron-ore  supplies  of  the 
worid  which  have  been  collected  by  Tomebohm  for  the  Swedish 
Parliament,  and,  although  largely  conjectural,  these  figures  are  of 
great  interest. 

In  the  United  States  the  iron- ore  production  in  1905  exceeded 
42^  million  tons,  the 'highest  output  ever  recorded,  the  ore  containing 
more  iron  than  the  ores  raised  in  Germany,  in  the  United  Kingdom, 
and  in  Spain  combined.  The  bulk  of  the  production  was  obtained  in 
the  Lake  Superior  region,  where  the  five  iron-ore  belts  or  ranges 
(Marquette,  Menominee,  Gogebic,  Vermilion,  and  Mesaba),  beds  of 
pve-Silurian  age,  have  furnished  since  the  beginning  of  regular  mining 
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over  300,000,000  tons  of  iron  ore.  The  average  percentage  of  iron  in 
the  ore  is  55,  the  60  per  cent,  ores  produced  ten  years  ago  having  been 
exhausted  by  wasteful  mining  methods.  The  amount  of  ore  still 
available  in  the  United  States  is  estimated  by  Tomebohm  at 
1,100,000,000  tons. 

In  Germany  and  Luxemburg  two-thirds  of  the  iron  ore  raised 
(23^  million  tons  in  1905)  is  derived  from  the  so-called  minette  bc6 
of  Jurassic  brown  iron  ore.  The  seams  yield  on  an  average  36  per 
cent,  of  iron  and  1  *7  per  cent,  of  phosphoric  acid.  Owing  to  the  hig^ 
percentage  of  phosphorus  the  ore  was  of  little  value  until  1879,  when 
the  basic  method  of  making  steel  was  brought  into  practical  use  hj 
Thomas  and  Gilchrist.  The  amount  of  ore  still  available  in  GermanT 
is  estimated  at  2,200,000,000  tons. 

In  Spain  the  chief  deposits  are  near  Bilbao,  the  ores,  which  are  of 
great  purity,  occurring  in  beds  of  Cretaceous  age.     Up  to  the  present 
time  the  Bilbao  district  has  yielded  about  115,000,000  tons  of  ore,  and 
for  many  years  pessimistic  estimates  have  been  made  of  the  quantity 
of  ore  remaining.     Twenty  years  ago  it  was  thought  that  by  the  year 
1900  there  would  be  no  ore  left.     liTevertheless,  in  that  year  Bilbao 
exported  5,000,000  tons  of  ore,  and  Don  Julio  de  Lazurtegui,  the 
most    competent    authority,   estimated    that    there  were    still  orer 
57,000,000  tons  left.     The  richest  red  haematite  ores  are,  it  is  tme, 
now  exhausted,  and  brown  haematites  and  spathic  ores  have  Uiksm 
their  place,  with  the  result  that  more  attention  has  to  be  paid  to 
calcination   and  to  the   washing  of  ores  to  enable  them  to  satisfy 
market  requirements.     Tomebohm' s  estimate  of  the  quantity  of  ore 
still  available  in  Spain  is  500,000,000  tons. 

In  Sweden  deposits  of  mao^etite  of  great  purity  occurring  in  gneiss 
supply  material  for  the  charcoal  blast-furnaces,  and  ores  rich  in 
pliospborus  ai'o  mined  for  export  at  Grangesberg,  in  Central 
Sweden,  and  within  the  Arctic  Circle  at  Gellivare,  Kirunavaara. 
and  Luossavara,  where  there  are  ample  supplies  to  meet  the  increased 
demand  that  is  likely  to  arise.  These  deposits  have  been  described 
in  great  detail  by  Br.  Stutzer  in  a  paper  submitted  at  the  last 
meeting  of  the  Iron  and  Steel  Institute.  The  exi)ort  of  iron  ore  from 
Sweden  in  1905  amounted  to  3 J  million  tons.  In  Northern  Norway 
important  discoveries  of  similar  iron-ore  deposits  have  of  late  been 
made.  The  amount  of  ore  still  available  in  Sweden  is  estimated  at 
1,200,000,000  tons. 

In  France  the  most  important  deposits  are  the  beds  of  Oolitic  iron 
ore  in  the  department  of  the  Meurthe-et- Moselle ;  and  in  Russia  the 
greater  portion  of  the  iron  ore  produced  is  obtained  from  the  Ural 
region,  where,  on  the  western  side,  the  ores  are  chiefly  limonitc  and 
spathic  ores  of  a  stratified  character,  and,  on  the  east,  masses  of 
magnetite  associated  with  igneous  rocks.  The  amount  of  ore  available 
in  France  is  estimated  at  1,500,000,000  tons  and  in  Russia  at  the 
same  amount.  The  available  resources  of  other  countries  are  estimated 
by  Tomebohm  at  1,200,000,000  tons.  Including  1,000,000,000  tons 
for  Great  Britain,  he  estimates  the  known  available  resources  of  the 
world  at  10,000,000,000  tons. 

The  outlook  for  the  British  industry  is  not  altogether  a  depressing 
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one ;  for,  whilst  the  rich  ores  of  Bilbao  and  Elba  are  becoming  scarce, 
there  are  still  vast  quantities  of  ore  available  in  the  north  of  Scandi- 
navia,  in  the  south  of  Spain,  in  Algeria,  Canada,  Cuba,  Brazil, 
Venezuela,  Chili,  India,  China  (notably  in  the  Shansi  district), 
Australia,  and  South  Africa.  The  high  cost  of  carriage  is,  of  course, 
an  important  factor;  but  the  great  economics  which  have  and  will 
be  effected  in  transport  will  reduce  this  item.  The  future  of  the 
home  demand  is  likely  to  be  affected  by  the  development  of  the  basic 
open-hearth  process  of  steel-making  which  enables  phosphoric  ores  to 
be  utilised.  In  the  course  of  time  such  phosphoric  ores  will  doubtless 
occupy  a  very  prominent  place  in  the  manufacture  of  high-class  steel. 
The  development  of  magnetic  concentration  and  of  the  briquetting  of 
pulverulent  ores  for  furnace  use  will  render  possible  greater  utilisation 
of  poorer  ores,  while  the  development  of  the  electric  furnace  will 
doubtless  render  it  possible  to  utilise  black  sands  and  other  titani- 
ferous  iron  ores  which,  although  met  with  in  abundance,  cannot  at 
present  be  treated  profitably  in  the  blast-furnace.  There  need,  there- 
fore, be  no  immediate  anxiety  regarding  the  supply  of  the  more  impure 
iron  ores,  the  application  of  which  cannot  fail  rapidly  to  increase. 


Bbitish  Association  for  the  Advancement  of  Science:  Seventt- 
SEVENTH  Annual  General  Meeting  held  at  Leicester, 
Aueusi  IsT,  1907. 

I. — Address    to    the    Geological    Section.      By   Professor  J.    W. 
Gregory,  D.Sc,  F.R.S.,  President  of  the  Section. 

(Concluded  from  the  September  Number ^  p.  418.) 

rV.  Plutonists  and  Ore-formation. — Belief  in  the  earth's  internal 
fires  was  most  faithfully  held  amongst  geologists  by  the  Plutonists  of 
the  eighteenth  century,  and  repudiated  with  equal  thoroughness  by 
the  Neptunists,  who  refused  to  concede  that  volcanic  action  was  due 
to  deep-seated  cosmic  causes.  Thus  Jameson  in  1807  stoutly  main- 
tained that  volcanoes  were  superficial  phenomena  due  to  the  com- 
bustion of  beds  of  coal  beneath  fusible  rocks,  such  as  basalt,  and  that 
the  explosions  were  due  to  the  sudden  expansion  of  sea-water  into 
steam  by  contact  with  the  burning  coal.  Volcanoes,  according  to 
this  view,  were  correctly  described  as  burning  mountains,  giving 
^rtb  fire,  fiame,  and  smoke.  The  extreme  Neptunist  and  Plutonist 
schools  have  long  since  been  extinct,  but  the  controversy  is  not  quite 
closed.  The  battlefield  is  now  practically  restricted  to  economic 
geology,  and  the  issue  is  the  origin  of  some  important  ores. 

Ore  deposits  present  so  many  perplexing  features  that  deep-seated 
igneous  agencies  were  naturally  invoked  to  explain  them,  and  some  of 
ti^e  most  thorough-going  champions  of  the  igneous  origin  of  ores  make 
claims  that  remind  us  of  the  eighteenth- century  Plutonists.  The 
question  is  to  some  extent  a  matter  of  terms.  Many  of  the  ores 
which  Yogt,  for  example,  describes  as  of  igneous  origin  he  attributes. 
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not  to  the  direct  consolidation  of  material  from  a  molten  state,  bnt  to 
eruptive  after-actions  due  to  the  hot  solutions  and  heated  gases  given 
oft  from  cooling  igneous  rocks.  Igneous  rocks  probably  play  a  notable 
part  in  the  genesis  of  most  primary  ore  deposits ;  for  the  entrance  of 
the  hot  ore-bearing  solutions  is  rendered  possible  by  the  heat  of  the 
igneous  intrusions,  as  Professor  Kemp  has  well  shown  in  his  paper  on 
^'The  Bole  of  Igneous  Rocks  in  the  Formation  of  Metallic  Veins." 
Prof essol:  Kemp  Umits  the  term  *  igneous '  to  materials  formed  by  the 
direct  consolidation  of  molten  material ;  and  this  decision  seems  to  me 
to  be  most  convenient.  For  example,  the  quartzite  that  is  so  often 
found  beneath  a  bed  of  basalt  is  due  to  hot  alkaline  water  from  the 
lava  cementing  the  loose  grains  of  sand ;  the  process  is  an  eruptive 
after-action,  but  it  would  be  unusual  to  call  such  a  quartzite  an 
igneous  rock. 

1.  Igneous  Ores, — That  there  are  ores  which  are  the  products  of 
direct  igneous  origin  is  now  almost  universally  admitted.  The 
mineral  magnetite  is  a  most  valuable  source  of  iron,  and  it  it 
a  constituent  of  most  basic  igneous  rocks.  If  iron  were  a  high-prioed 
metal,  such  as  tin  or  copper,  of  which  ores  containing  one  or  three 
per  cent,  are  profitably  worked,  then  basalt  would  be  an  ore  of  igneous 
origin.  Under  present  commercial  conditions,  however,  basalt  cannot 
be  regarded  as  an  iron  ore.  But  if  the  magnetite  in  a  basic  rock  had 
been  segregated. into  clots  or  masses  large  enough  and  pure  enough  to 
pay  for  mining,  then  they  would  be  iron  ores  formed  by  igneous 
action.  There  are  cases  of  such  segregations  large  enough  to  be 
mined.  The  most  famous  is  Taberg,  a  mountain  in  Sm&land,  near 
the  southern  end  of  Lake  Wetter,  in  Sweden.  It  is  a  locality  of 
historic  interest ;  a  view  of  it,  as  a  mountain  of  iron,  was  published 
by  Peter  Ascanius^  in  the  Philosophical  Transactions  in  1755,  and 
Sef strom  discovered  the  element  vanadium  in  its  ore  in  1 830. 

Taberg  consists  of  an  intrusive  mass  of  rock  composed  of  magnetite, 
olivine,  labradorite,  and  pyroxene.  Many  theories  of  its  formation 
have  been  advanced.  The  view  generally  adopted  is  that  of 
Tornebobm,  who  described  the  rock  as  a  variety  of  hyperite  in 
which  there  has  been  a  central  segregation  of  magnetite  to  such  an 
extent  that  some  of  it  contains  31  per  cent,  of  iron.  Tomebohm 
claims  to  have  traced  a  gradual  passage  from  normal  hyperite  to 
a  variety  poor  in  felspar,  then  to  one  without  felspar,  and  finally  to 
a  granular  intergrowth  of  magnetite  and  olivine.  This  Taberg  ore 
was  mined  and  smelted  for  iron  in  the  eighteenth  century,  when 
transport  was  more  costly  and  commercial  competition  less  keen  than 
it  is  to-day.  The  ore  has  been  workeil  at  intervals  as  late  as  1870; 
and  as  the  hill  is  estimated  to  contain  100  million  tons  of  ore  above 
the  level  of  the  adjacent  railway,  it  is  not  surprising  that  efforts  are 
being  again  made  to  utilise  the  deposit,  in  spite  of  its  low  grade  and 
high  percentage  of  titanium.  The  Taberg  hyperite  has  almost  reached 
the  line  which  divides  magnetite-bearing  rocks  from  useful  iron  ores. 
Its  igneous  origin,  however,  has  not  been  universally  accepted.  The 
theory  has  been  rejected  by  so  eminent  an  authority  as  Posepny, 
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according  to  whom  the  ore  occurs  in  solid  reins  as  well  as  in  grains ; 
and  he  holds  that,  like  other  Scandinavian  iron  ores,  it  was  due  to 
secondary  deposition.  During  a  visit  to  the  mountain  I  failed  to  see 
any  secondary  veins,  except  of  insignificant  value.  The  microscopic 
sections  of  the  ore  show  that  it  is  a  granular  aggregate  of  olivine, 
generally  with  labradorite  and  pyroxene.  Hence  I  have  no  hesitation 
in  accepting  the  view  of  the  Swedish  geologists  and  regard  Taberg 
as  a  magmatic  segregation.  Posepny^  has  in  this  case  carried  his 
Neptunist  theory  of  the  genesis  of  ores  too  far. 

At  Eoutivaara,  in  Swedish  Lapland,  there  is  a  still  larger  mass  of 
magnetite,  which  is  claimed,  in  accordance  with  the  descriptions  of 
Petersson  and  Sjogren,  to  be  due  to  segregation  from  the  magma  of 
the  surrounding  gabbro.  This  mass  of  magnetite  is  of  colossal  size, 
but  it  is  of  no  present  economic  value  owing  to  its  high  percentage 
of  titanium  and  its  remote  position. 

An  igneous  origin  is  claimed  by  Professor  Hogbom  for  some  small 
masses  of  titaniferous  magnetite  in  the  island  of  Alno,  opposite 
Sundsvall,  on  the  eastern  coast  of  Sweden.  This  case  is  of  interest, 
as  the  surrounding  rock  is  not  basic :  it  is  a  nepheline  syenite,  con- 
taining only  2  per  cent,  of  magnetite,  which,  however,  has  been 
concentrated  in  places,  until  some  specimens  (according  to  an  analysis 
quoted  by  Professor  Hogbom)  contain  as  much  as  64  per  cent,  of 
magnetite,  9  per  cent,  of  ferrous  oxide,  and  12  per  cent,  of  titanic 
oxide. 

The  Alno  magnetites,  again,  aro  of  no  practical  value,  as  they  are 
too  low  in  grade  and  too  refractory  in  nature.  I  understand  that 
about  500  tons  of  the  material  have  been  smelted,  but  with  unprofit- 
able results,  and  the  rest  of  the  material  quarried  has  been  left  on  the 
shore.  We  may  therefore  accept  the  iron-bearing  masses  of  Alno  and 
Koutivaara,  as  well  as  that  at  lubcrg,  as  due  to  magmatic  segregation, 
without  having  conceded  much  as  to  the  igneous  formation  of  ores. 
The  process  in  this  case  has  formed  rocks,  lich  in  titaniferous 
magnetite,  from  which  iron  could  be  obtained,  but  rocks  which  no 
ironmaster  is  at  present  willing  to  buy  as  iron  ore.  Whether  a  basic 
igneous  rock  is  to  be  regarded  as  an  iron  ore,  or  as  only  useful  for 
road  metal,  depends  on  cost  of  treatment.  The  definition  of  the  term 
*ore'  is  very  elastic.  Petrographers  speak  of  the  minute  grains  of 
magnetite  or  chromite  in  a  rock  as  its  ores ;  but  that  is  a  special 
use  of  the  term  *ore.'  Usually  ore  means  a  material  which  can  be 
profitably  worked  as  a  source  of  metals  under  existing  or  practicable 
industrial  conditions.'  According  to  this  definition,  the  Swedish 
deposits  of  titaniferous  magnetite  are  at  present  doubtfully  within 
the  category  of  iron  ores. 

The  famous  iron  mines  of  Middle  Sweden  at  Dannemorra,  Norrberg, 
Orangesberg,  and  Persberg  occur  under  different  geological  conditions; 
they  work  lenticles  or  bands  of  ores  in  metamorphic  rocks,  of  which 

'  F.  Posepny,  **  The  Genesis  of  Ore  Deposits  " :  Trans.  Amer.  Inst.  Min.  Eng., 
1893,  p.  323. 

'  The  Oxford  Dictionary  adopts  a  still  more  restricted  definition ;  according  to  it 
an  ore  is  '*a  native  mineral  containing  a  precious  or  useful  metal  in  such  quantity 
and  in  such  chemical  combination  as  to  make  its  extraction  profitable." 
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some  are  altered  sediments ;  and  the  view  has  therefore  been  held  by 
de  Launay  and  Yogt  that  the  ores  also  are  altered  sediments. 

That  ores  are  formed  by  igneous  segregation  of  sufficient  dze  and 
purity  to  be  of  economic  importance  is  a  theory  which  rests  on  two 
chief  cases — ^the  nickel  ores  of  Sudbury  in  Canada  and  the  iron  ores 
of  Swedish  Lapland. 

2.  The  Sudbury  Nickel  Ores. — ^The  nickel  ores  of  Sudbury  are  the 
most  important  historically.  They  have  been  repeatedly  daimed  as 
of  direct  igneous  origin  by  Bell  (1891),  von  FouUon  (1892),  Vogt 
(1893),  Barlow  (1903),  and  by  other  geologists;  and  his  view  was 
advocated  before  the  Association  at  the  Johannesburg  meeting  by 
Professor  Coleman.  The  theory  was  stoutly  opposed  by  Posepny  in 
1893,  and  Professor  Beck  in  1901  described  some  of  the  brecciated 
ore,  and  showed  that  its  metallic  minerals  are  sharply  separated  from 
the  barren  rock.  He  held  that  such  ore  must  have  been  f  ormed^  not 
only  after  the  consolidation  of  the  rock,  but  even  after  or  daring  its 
subsequent  metamorphism.  The  views  of  Posepny  and  Beck  seem  to 
have  been  established  by  additional  microscopic  study  of  the  ores 
by  C.  W.  Dickson  (1903).  He  has  shown  that  the  solphidee  are 
separated  from  the  barren  rock  by  sharp  boundaries,  and  without  any 
indication  of  a  passage  between  them ;  that  the  fragments  of  ore  in 
the  rock  have  short  comers,  whereas,  had  they  grown  in  a  molten 
magma,  the  angles  would  have  been  rounded  and  the  faces  corroded. 
Most  of  the  ore,  moreover,  occurs  as  a  cement  filling  interspaces 
between  broken  fragments  of  barren  rock  and  along  planes  of  shearing. 
The  Sudbury  ores,  therefore,  appear  to  have  been  deposited  from 
solution  during  or  after  the  brecciation  of  the  rocks  in  which  they 
occur,  and  long  after  their  first  consolidation.  If  Dickson's  focts  be 
right,  the  Sudbury  ores  are  necessarily  aqueous  and  not  igneous 
in  origin. 

3.  Scandinavian  Iron  Ores, — The  other  important  mining  field  of 
which  the  ores  are  claimed  as  of  igneous  origin  is  Swedish  Lapland. 
Its  ores  are  rich  and  the  ore  bodies  colossal.  One  mine,  Kirunavaara, 
yielded  over  one  and  a  half  million  tons  of  ore  in  1906,  and  according 
to  a  recent  agreement  with  the  Swedish  Government  the  annual  oat- 
put  of  ore  from  that  mine  may  be  raised  to  three  million  tons  by  1913. 

The  chief  mining  fields  of  Lapland,  although  situated  to  the  north 
of  the  Arctic  Circle,  have  long  been  known,  for  some  of  them  contain 
veins  of  copper  which  were  worked,  for  example,  at  Svappavaara  in 
the  seventeenth  centur}-.  The  iron  ores,  however,  could  not  be  used 
until  a  railway  had  been  laid  through  the  swamps  of  Lapland  to  cairy 
the  ores  cheaply  to  the  coast.  In  1862  an  ill-fated  English  company 
began  a  railway  to  the  Gellivara  mines,  and  thirty  years  later  this  was 
completed  across  Scandinavia,  from  the  head  of  the  Gulf  of  Bothnia 
at  Lulea  to  an  ice-free  port  at  Narvik,  on  the  Norwegian  coast. 

This  railway,  the  most  northern  in  the  world,  passes  the  two  great 
mining  fields  of  Gellivara  and  Kiruna.  The  mining  field  of  Kiruna 
is  the  larger  and  at  present  of  the  greater  geological  interest,  as  its 
structure  is  simpler  and  its  rocks  less  altered. 

The  ore  body  at  Kiruna  outcrops  along  the  crest  of  a  ridge  two  miles 
long,  and  it  is  continued  beneath  Lake  Luossajarvi  to  the  smaller  but 
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still  immense  ore  body  of  Luossavoara.  At  Kiruna  the  ore  rises  to 
the  height  of  816  feet  above  the  surface  of  the  lake,  and  it  varies  in 
thickness  from  30  to  500  feet,  with  an  average  thickness  of  about 
230  feet.  According  to  the  report  by  Professor  Walfrid  Petersson,* 
submitted  this  year  to  the  Swedish  Parliament,  Kirunavaara  contains 
200  million  tons  of  ore  above  lake-level,  and  Luossavaara  another 
22^  million  tons.  The  ore  is  high-grade.  According  to  Lundbohm 
60  per  cent,  of  the  trial  pits  showed  a  yield  varying  from  67  to  71  per 
cent,  of  iron,  and  21  per  cent,  of  them  showed  a  yield  of  from  60  to  67 
per  cent,  of  iron.  The  average  of  nineteen  analyses  published  in 
Professor  Petersson's  recent  report  gives  the  contents  of  iron  as 
64*15  per  cent.  Unlike  the  Taberg  and  Eoutivaara  ores,  the  per- 
centage of  titanium  is  very  low ;  thus  in  nineteen  analyses  given  by 
Petersson  the  average  of  titanic  acid  is  only  '23  per  cent.,  and  it 
varies  in  the  specimens  from  *04  to  *8  per  cent. 

The  ore  lies  between  two  series  of  acid  rocks,  which  have  been  very 
differently  interpreted,  but  will  no  doubt  be  fully  explained  by  the 
researches  now  in  progress  under  the  direction  of  Mr.  Lundbohm. 
The  rocks  were  first  called  halleflinta,  as  by  Frcdholm,  and  regarded 
as  of  sedimentary  origin.  They  are  now  accepted  as  an  igneous  series, 
associated  with  some  conglomerates,  slates,  and  quartzitcs.  The  ore 
body  itself  is  bounded  on  both  sides  by  porphyrites,  of  which  that  on 
the  lower  or  western  side  is  more  basic  than  that  overlying  the  ore  to 
the  east.  The  basic  western  porphyrite  is  in  contact  with  a  soda* 
augite  syenite  of  which  the  relations  are  still  uncertain.  Interbedded 
with  the  overlying  eastern  porphyrite  are  rocks  that  appear  to  be 
volcanic  tuffs,  and  both  in  the  tuffs  and  in  the  upper  porphyrite  are 
fragments  of  the  Kiruna  ore. 

Three  main  theories  of  the  genesis  of  the  Kiruna  ores  have  been 
proposed.  Their  sedimentary  origin  was  urged  on  the  ground  that 
they  occur  regularly  interstratified  in  a  series  of  altered  sediments, 
and  that  the  ores,  therefore,  are  also  sedimentary.  This  view  may  be 
promptly  dismissed,  since  the  adjacent  rocks  are  igneous. 

The  second  theory  has  been  advanced  independently  by  Professor  do 
Launay  and  Dr.  Helge  Backstrom  :  according  to  them  the  porphyrites 
above  and  below  the  iron  ores  are  lava-fiows,  and  the  ore  was 
a  superficial  formation  deposited  in  an  interval  between  the  volcanic 
eruptions.  Acconling  to  de  Launay  the  iron  was  raised  to  the  surface 
as  emanations  of  iron  chloride  und  iron  sulphide ;  the  iron  was 
deposite<l  as  oxide,  and  most  of  it  subsequently  reduced  to  magnetite 
during  the  metamorphism  of  the  district. 

The  third  theory — that  the  ores  are  of  direct  igneous  origin — has 
been  maintained  by  Lofstrand,  Hogbom,  and  Stutzer;  according  to 
them  the  ores  are  segregations  of  magnetite  from  the  acid  igneous 
rocks  in  which  they  occur.  The  segregation  theory  has  been  opposed, 
amongst  others,  by  de  Launay  and  Yogt.  Thus,  de  Launay  maintains 
that  the  segregation  would  have  been  impossible  in  such  fluid  lavas  as 
the  Kiruna  porphyrites,  and  is  improbable,  since  there  is  no  transition 
between  the  ore  and  the  barren  rock. 

»  Bihang  till  Rtkd.  Proi.,  1907,  1  Saml.,  1  Afd.,  84  Haft,  No.  107,  pp.  213,  217. 


466   •     Notices  of  Memoirs — Professor  J.  TT.  Oregort/ — 

The  segregation  theory  has  serious  difficulties,  and  is  faced  br 
several  obvious  improbabilities.  The  ore  occurs  as  a  band  nearly 
forty  times  as  long  as  it  is  broad.  It  has  the  aspect,  therefore,  of 
a  bed  or  a  lode.  The  ore  has  not  the  granular,  crystalline  structme 
of  an  igneous  rock  like  the  hyperite  of  Taberg,  but  the  aspect  of 
a  material  deposited  from  solution  or  formed  metasomatically.  It  is 
almost  free  from  titanium,  the  undesirable  constituent  so  abundant  in 
the  ores  of  Taberg  and  Boutivaara. 

The  igneous  theory  cannot,  however,  be  lightly  dismissed,  as  it  is 
supported  by  the  high  authority  of  Professor  Hiigbom,  and  therefoie 
demands  careful  consideration. 

It  has  been  advanced  in  two  main  forms,  the  one  considering  tie 
ore  to  have  been  deposited  at  the  time  when  the  igneous  rocks  are 
consolidating,  the  other  considering  it  was  deposited  at  a  later  period. 
According  to  Professor  Hogbom,  the  ore  was  syngenetic,  being  a  true 
magmatic  segregation  from  a  syenite.  But,  according  to  Dr.  Stntzer 
(1906),  the  segregation  was  later  than  the  consolidation  of  the  syenite. 
He  describes  the  lode  as  an  intrusive  banded  dyke,  of  which  the  chief 
constituents  are  magnetite  and  apatite ;  and  the  injection  of  this  dyke 
pneumatolytically  affected  the  rocks  beside  it,  producing  an  inter- 
mediate zone  impregnated  with  ore,  which  he  compares  to  contact 
deposits.* 

In  spite  of  the  high  authority  of  Professor  Hogbom,  I  am  bound  to 
confess  that  the  Kiruna  ores  do  not  impress  me  as  of  igneous 
formation.  Their  bed-like  form,  microscopic  structure,  and  poverty 
in  titanium  are  features  in  which  they  differ  from  those  admittedly 
due  to  direct  magmatic  segregation.  The  microscopic  sections  that 
I  have  examined  suggest  that  both  the  magnetite  and  apatite  were 
deposited  from  solution  and  later  than  the  consolidation  of  the  under- 
lying porphjTite,  which  the  ore  in  part  replaces.  An  examination  of 
the  field  evidence  supports  the  conclusions  of  de  Launay  and 
Backstrom  as  to  the  ore  being  a  bedded  deposit  overlying  a  lava-flow, 
but  enlarged  by  secondary  deposition. 

Y.  Future  Supply  of  Iron  Ores. — This  conclusion  is  perhaps 
economically  disappointing.  The  possible  existence  of  such  vast 
segregations  of  iron  in  the  acid  igneous  rocks  has  an  important 
economic  bearing.  There  is  only  too  good  reason  to  fear  that  the 
chief  iron  ores  are  comparatively  limited  in  depth ;  for  most  of  them 
have  been  formed  by  water  containing  oxygen  and  carbonic  acid  in 
solution,  which  has  percolated  downward  from  the  surface.  Ores 
thus  formed  are  therefore  restricted  to  the  comparatively  limited 
depths  to  which  water  can  carr}-  down  these  gases.  On  the  theory. 
however,  that  these  ores  are  primary  segregations  from  deep-seated 
igneous  rocks  there  need  be  no  limit  to  their  depth.     They  would 

>  In  a  later  paper,  of  which  only  a  short  abstract  has  been  issued,  Dr.  Stntzer, 
however,  explains  that  **  the  intrusion  of  the  ore  dyke  was  at  relatively  the  same 
time  as  the  formation  of  the  syenite,  and  that  the  ores  were  formed  by  magmstic 
separations  in  sifu^  or  as  peregrinating  magmatic  separations  (magmatic  veins  tBd 
bedded  streams)."  He  adds  that  '*  pneuraatolysis  plays  no  inc.nsidermble  rdle  in  the 
formation  of  these  veins."  Dr.  Stutzer's  position  may  be  summarised  as  regarding 
the  ores  as  collected  by  segregation,  but  deposited  in  their  present  position  by  eniptiTe 
after-actions. 
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rather  tend  to  increase  in  size  downward,  while  maintaining,  or  even 
improving,  in  the  richness  of  their  metallic  contents.  For  these 
bodies  may  b«  regarded  as  fragments  of  the  metallic  barysphere  which 
have  broken  away  from  it  and  revolve  around  it  like  satellites  floating 
in  the  rocky  cmst.  On  this  conception  these  ore  bodies  would  be  of 
as  great  interest  to  the  student  of  the  earth*s  structure  as  their 
existence  would  be  reassuring  to  the  ironmaster,  haunted  as  he  is  by 
constant  predictions  of  an  iron  famine  at  no  distant  date.  It  is  no 
doubt  true  that  many  of  the  richest,  most  accessible,  most  cheaply 
mined,  and  most  easily  smelted  iron  ores  have  been  exhausted.  The 
black-band  ironstone  and  the  clay  iron  ores  of  the  coalfields,  which 
gave  the  British  iron  industry  its  early  supremacy,  now  yield  but 
a  small  proportion  of  the  ores  smelted  in  our  furnaces.  The  Mesozoic 
beds  of  the  English  Midlands  and  of  Yorkshire  still  supply  large 
quantities  of  ore.  Nevertheless  the  British  iron  industry  is  becoming 
increasingly  dependent  on  foreign  ores.  So  it  would  be  pleasant  to 
find  that  the  Scandinavian  iron  mines  are  not  subject  to  the  usual 
limits  in  depth.  I  fear  the  typical  iron  deposits  of  Middle  Sweden 
and  of  OeUivara  will  follow  the  general  rule ;  but  Kiruna  may  be  an 
exception,  and  its  ores  may  continue  far  downward  along  the  surface 
of  its  sheet  of  porphjrite.  The  uncertainty  in  this  case  lies  in  the 
extent  of  the  subsequent  enrichment  and  enlargement  of  the  bed ;  if 
most  of  the  ore  is  doe  to  secondary  deposition,  then  it  may  be 
restricted  to  the  comparatively  shallow  depths  at  which  this  process 
can  act;  and  though  that  limit  will  be  of  no  practical  effect  for 
a  century  or  more  to  come,  the  ore  deposit  may  be  shallow  as  compared 
with  gold-mines. 

The  geological  evidence  may  convince  us  that  all  the  economically 
important  iron  ores  are  limited  to  shallower  depths  than  lodes  of  gold, 
copper,  and  tin ;  but  this  conclusion  shall  not  enrol  me  among  the 
pessimists  as  to  the  future  of  the  iron  supply.  Twenty  years  ago 
a  paper  on  the  gold  supplies  of  the  world  was  read  to  the  Association 
at  the  request  of  the  Section  of  Economics.  About  the  time  that  the 
report  was  issued  there  were  sixty-eight  mining  companies  with 
a  nominal  capital  of  £73,000,000  at  work  upon  the  Hand.  Never- 
theless, the  author,  accepting  the  view  that  *'the  future  of  South 
African  gold-mining  depends  upon  quartz  veins,"  concluded:  **  There 
is  as  yet  no  evidence  that  the  yield  will  be  sufficient  in  amount  to 
materially  influence  the  world's  production.  As  regards  India,  the 
prospect  is  still  less  hopeful.'' 

That  quotation  may  be  excused,  as  it  is  not  only  a  warning  of  the 
danger  of  negative  predictions,  but  of  the  unfortunate  consequences 
that  happen  when  geologists  are  unduly  influenced  in  geological 
questions  by  the  opinions  of  those  who  are  not  geologists.  In 
economic  geology,  as  in  theoretical  geology,  we  should  have  greater 
confidence  in  the  value  of  geological  evidence.  Negative  predictions 
are  especially  rash  in  regard  to  iron,  it  being  the  most  abundant  and 
widely  distributed  of  all  the  metals.  The  geologist  who  knows  the 
amount  of  iron  in  most  basic  rocks  finds  it  difficult  to  realise  the 
possibility  of  an  iron  famine ;  he  can  hardly  picture  to  himself  some 
future  ironmaster  complaining  of  "iron,  iron  everywhere,  and  not 
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a  ton  to  smelt/'  There  are  reserves  of  low-grade  and  refractory 
materials  which  the  fastidious  ironmaster  cannot  now  use,  since 
competition  restricts  him  to  ores  of  exceptional  richness  and  parity. 
When  the  latter  fail,  an  unlimited  quantity  could  be  made  aT^Eulable 
by  concentration  pi*ocesses.  The  vast  quantities  of  iron  ores  snitable 
for  present  methods  of  smelting  in  Australia,  Africa,  and  India  show 
that  the  practical  question  is  that  of  supplies  to  existing  iron- working 
localities,  and  not  of  the  universal  failure  of  iron  ores. 

VI.  Mining  Geology  and  Education. — The  genesis  of  ores  and  the 
extent  of  future  ore  supplies  are  intimately  connected  questions,  and 
the  recognition  of  this  fact  has  led  to  the  remarkable  growth  of 
interest  in  economic  geology.  This  wider  appreciation  of  the  practical 
value  of  academic  geology  should,  I  venture  to  urge,  be  recognised 
among  teachers  by  giving  a  more  honoured  place  to  economic  geology. 

It  was  inevitable  that  until  the  principles  of  geology  had  beik 
firmly  established,  the  detailed  study  of  their  application  should  have 
been  postponed.  Now,  however,  last  century's  work  on  academic 
geology  enables  the  difficult  problems  connected  with  the  genesis  of 
metalliferous  ores  to  be  investigated  with  illuminating  and  practically 
useful  results. 

British  interest  in  mining  education  has  therefore  been  revived.  Its 
history  has  been  sadly  fitful.  Lyell,'  in  1832,  deplored  the  superiority 
of  the  Continent  in  this  respect,  as  '*the  art  of  mining  has  long  been 
taught  in  France,  Germany,  and  Hungary  in  scientific  institatioas 
established  for  that  purpose,"  whereas,  he  continues  (quoting  from 
the  prospectus  of  a  School  of  Mines  in  Cornwall,  issued  in  1825), 
**  our  minors  have  been  left  to  themselves,  almost  without  the 
assistance  of  scientific  works  in  the  English  language,  and  without 
any  *  School  of  Mines,*  to  blunder  their  own  way  into  a  certain 
deg^ree  of  practical  skill.  The  inconvenience  of  this  want  of 
system  in  a  country  where  so  much  capital  is  expended,  and  often 
wasted,  in  mining  adventures,  has  been  well  exposed  by  an  eminent 
practical  miner.** 

Though  tlie  chief  British  School  of  Mines  made  a  late  start,  the 
brilliant  originality  of  its  professors  soon  carried  it  into  the  front 
mnk ;  but  in  an  evil  day  for  the  Mining  School  it  was  united  with 
a  Normal  School  for  the  Training  of  Teachers,  now  the  Royal  College 
of  Science,  and  that  school  by  its  great  success  overwhelmed  its  older 
ally.  Those  interested  in  economic  geology  therefore  welcome  the 
revent  derision  to  separate  the  technical  from  the  educational  and 
other  courses,  while  lea^'ing  the  Schools  of  Mines  and  Science 
sufficiently  connected  for  suceessful  co-operation.  This  policy  should 
give  such  opportunities  for  the  teaching  of  mining  research  that  we 
may  not  always  have  to  confess,  as  at  present,  that  British  con- 
tributions to  mining  geology  do  not  rank  as  high  as  those  made  to 
other  branches  of  our  science. 

Regrets  are  sometimes  expressed,  and  perhaps  still  more  often 
felt,  at  the  tendency  in  scientific  teaching  to  become  more  technical; 
hut  1,  for  one,  do  not  fear  evil  from  any  such  change.     It  is  possible 

»  C.  Lyell,  ♦*  Principles  of  Geology,"  vol.  i,  2nd  ed.  (1832),  p.  63. 
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that  the  educational  conflict  of  the  future  will  be  between  academic 
science  and  technical  science,  on  grounds  in  some  respects  analogous 
to  those  between  classics  and  science  during  the  last  century.  The 
advocates  of  the  educational  value  of  technical  science  are  not  inspired 
by  mere  impatience  with  the  apparently  useless,  for  they  accept  the 
principle  that  the  essence  of  education  is  method,  not  matter.  There- 
fore, they  claim  that  the  methods  and  principles  of  science  can  be 
better  taught  by  subjects  which  are  being  used  on  a  large  scale  in 
modem  industries  than  by  subjects  of  which  the  interest  is  still 
purely  theoretical.  Those  who  fear  that  academic  science  will  be 
neglected  if  technical  science  be  used  in  education  may  be  encouraged 
by  the  brilliant  revival  of  classical  research  since  classics  lost  its 
educational  monopoly.  Academic  science  is  even  less  likely  to  be 
neglected.  It  will  always  have  its  fascination  for  those  intellectual 
hermits — shall  I  not  say  those  saints  of  science  ? — ^who  prefer  to  work 
for  love  of  knowledge,  free  from  the  worrying  intrusion  of  the  mixed 
problems  and  fickle  conditions  of  the  industrial  world ;  and  the  greater 
the  progress  of  applied  science  the  more  urgent  will  be  its  demands 
for  help  from  pure  science,  and,  as  a  necessary  consequence,  the  wider 
will  be  the  appreciation  and  the  more  generous  the  endowment  of 
scientific  research. 

Technical  education  must  be  as  rigorous  as  that  in  academic 
education,  and  its  connection  with  the  fundamental  principles  must  be 
as  intimate.  When  so  taught,  economic  problems  provide  at  least  as 
good  a  mental  training  as  those  branches  of  science  which  are  purely 
theoretical.  If  the  new  Imperial  College  of  Science  and  Technology 
carry  on  the  mission  for  which  the  Geological  Society  was  founded 
a  century  ago,  if  it  inspire  its  students  to  have  their  delight  in 
using  past  discoveries  on  the  open  surface  of  the  earth,  so  that  they 
may  penetrate  to  what  is  within,  then  they  will  gain  that  sure  know- 
ledge of  the  formation  and  distribution  of  ores  which  is  of  ever-growing 
national  importance. 

II. — Some  Desert  Features.*     By  H.  T.  Ferrar,  31. A.,  F.G.S. 

CONTRAST  between  the  deserts  on  either  side  of  the  Xile.  The 
Western  Desert,  sometimes  known  as  the  Libyan  Desert,  presents 
all  the  features  which  one  would  expect  to  find  in  a  region  of  deficient 
rainfall.  There  are  broad  featureless  plains  with  no  very  definite 
drainage  systems ;  there  are  long  lines  of  sand-dunes  stretching  for 
tens  of  miles  across  the  countrj' ;  there  are  centripetal  basins,  and 
there  are  monadknocks  or  inselbergen,  and  an  almost  entire  absence  of 
vegetation. 

The  Eastern  Desert,  or  the  Etbai,  on  the  other  hand,  displays  an 
integrated  dminage  system ;  sand-dunes  are  conspicuous  by  their 
absence  ;  vegetation  is  not  scarce  ;  and  comparatively  high  mountains 
form  a  backbone  to  the  country.  These  mountains  are  a  true  chain 
and  form  the  water-parting  between  the  Nile  and  the  Re<l  Sea.  This 
water-parting  is  very  much  nearer  the  east  coast,  and,  as  in  South 
Africa,  so  here  we  have  the  shorter  and  steeper  eastwai-d  draining  wadis 

*  By  penaission  of  the  Director- General,  Sun-ey  Department,  Egypt. 
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beheading  the  longer  westward  drainages.  The  highest  peaks  usually 
consist  of  granite,  which  is  sometimes  foliated,  and  these  high  peaks, 
which  rise  majestically  above  the  denuded  schistose  rocks,  are  not 
always  on  the  actual  watershed.  Forms  of  rock  and  mountain 
sculptured  by  sandblast  are  not  obvious,  for  the  rain  whicb 
occasionally  falls  destroys  these  and  produces  typical  water-graded 
slopes. 

The  western  desert  surfaces  consist  of  a  thin  veneer  of  waste, 
except  where  monadknocks  or  the  escarpments  of  the  oases  display 
solid  rock.  This  veneer  of  waste  is  protected,  as  in  the  Antarctic 
regions,  by  a  layer  of  pebbles,  which  prevents  the  wind  transporting 
the  lighter  material  and  prevents  the  rain-water  from  flowing  in 
definite  channels. 

The  eastern,  or  Etbai,  desert  shows  bare  hillsides,  and  the  steq) 
cliffs  which  form  the  wadi-walls  are  quite  free  from  debris.  The 
wadis  or  dry  watercourses  are  at  present  being  aggraded,  and  it  is 
only  in  the  wadi-beds  that  one  finds  the  alluvium.  This  alluvium  of 
boulders  and  rock-d6bris  is  usually  from  5  to  50  feet  in  depth,  and 
may  be  described  as  a  torrential  deposit.  The  only  sorting  of 
materials  that  is  obvious  in  this  region  is  that  sorting  due  to  water- 
action,  where  the  volume  of  water  and  the  slope  of  the  ground  are  the 
determining  factors. 

Sorting  of  fine  material  from  the  coarse  is  not  as  common  as  one 
would  expect.  A.  high  wind  (Beaufort  scale,  force  8)  will  only  move 
pebbles  and  grit  less  than  5  mm.  in  diameter,  so  that  a  succession  of 
wiiTds  of  unprecedented  force  would  be  necessary  to  produce  *  pebble 
beds.'  The  pebbles  of  the  gravels  on  the  western  plateau,  near  Wadi 
Natrum,  are  all  rounded  and  water-worn,  and  form  a  heavy  mantle 
over  the  land  which  prevents  the  wind  from  picking  up  the  lighter 
material  from  below,  which  they  protect.  It  is  only  those  stones  on 
the  surface  that  are  wind-etched  or  show  the  faceted  form.  These 
gravels  were  deposited  during  the  pluvial  period,  immediately  pre- 
ceclinjj:  the  present  arid  one,  and  therefore  it  would  seem  that  the  only 
reliable  test  to  prove  that  a  deposit  was  a  desert  formation  would  t* 
to  rtnd  in  it  tetrahcdral  and  wind-etched  stones. 

Photogi*aph8  were  exhibited  to  show  some  of  the  points  referred 
to  in  this  paper. 

III. — The   Origin'  of  the  Upper  Keuper   op  LKiCESTEKSHrBE.     Bv 

T.  0.  BoswoETH,  B.A.,  F.G.S. 

The  Condition  of  the  Rocks  beneath  the  Keuper, — The  Chamian 
igneous  rocks  beneath  the  Keuper  arc  comparatively  fresh  right  up 
to  their  surfaces,  but  where  the  marl  has  been  denuded  and  the  rocks 
are  exposed  to  the  present  climate  they  are  decomposed. 

The  iStirface  Features  of  the  Rocks  hefieath  the  Keuper, — Smoothed, 
fretted,  and  curiously  car\ed  surfaces  are  seen  at  Mount  SorreL* 
Croft,  Sapcote,  Groby,  etc.,  and  usually  whei'ever  the  marl  rests  on 
igneous  rocks.  They  are  often  pitted  and  sometimes  highly  polished 
(e.g.  at  Narborough).     But  where  the  rocks  are  cleaved  or  broken,  as 

^  Prufessor  Watts,  Geographical  Journal,  June,  1903. 
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it  Swithland  and  Bardon,  the  floor  beneath  the  Keuper  is  rough  and 

The  Nature  of  the  Deposits. — Every  wliero  the  beds  dip  in  the  direction 
>f  the  surface  slopes  on  which  they  lie,  and  the  amount  of  dip  depends 
ipon  the  steepness  of  the  slope.  Catenary  bedding  is  seen  at  Croft 
nd  Groby.  Near  the  rocks  the  marl  contains  grit  and  stones,  and 
here  is  generally  a  breccia  at  the  base.  The  stones  are  of  varied 
izes,  sometimes  worn  and  sometimes  very  angular.  They  are  in 
» remarkably  fresh  condition. 

Both  stones  and  grit  are  derived  entirely  from  the  particular  rocks 
rhich  the  beds  containing  them  surround.  In  these  beds  there  is 
ften  a  small  amount  of  quartz  sand,  sometimes  apparently  wind- 
rom.  It  yields  the  same  heavy  minerals  as  the  Upper  Keuper 
Sandstone. 

In  many  cases,  e.g.,  around  the  South  Leicestershire  igneous  rocks, 
his  sand  cannot  be  of  local  origin. 

At  Croft  some  of  the  Upper  Keuper  Sandstone  consists  of  almost 
pherical  grains,  and  appears  to  be  a  desert  sand. 

]N'ear  Leicester  the  sandstone  is  uniformly  false-bedded  from  the 
mth-west,  and  Estheria  and  fish-scales  occur  upon  the  false-bedding 
lanes.  Heavy  mineral  separations  have  been  prepared  from  a  large 
umber  of  localities  throughout  the  country.  The  mineral  grains  are 
enerally  very  much  worn.  The  most  plentiful  are  garnet,  magnetitOi. 
ircon«  tourmaline,  and  rutile. 

In  the  normal  Keuper  Marl  bands  showing  false  bedding,  ripple- 
larks,  and  salt  pseudomorphs  are  generally  common. 

But  such  evidence  of  subaqueous  deposition  as  there  is  points 
ither  to  the  existence  of  occasional  streams  and  salt  pools  than  to  the 
eep  waters  of  one  great  Keuper  lake. 

It  is  inferred  that  the  Upper  Keuper  is  a  desert  accumulation. 


7. — The  Eblation  of  the  Keuper  Marls  to  the  Pee-Cambeian 
Rocks  at  Bardon  Hill.  By  W.  Keay,  Assoc.  M.  Inst.  C.  £.,  and 
Martin  Gimson,  Stud.  Inst.  C.  E. 

)ARDON  HILL  is  situated  in  the  Cham  wood  Forest  area,  about 
3  ten  miles  north-west  from  Leicester.  The  hill  rises  to  an 
ievation  of  912  feet,  and  is  higher  than  any  of  the  land  intervening 
etween  this  point  and  the  German  Ocean. 

The  hill  consists  of  Keuper  marls  resting  unconformably  upon 
re-Cambrian  rocks,  the  latter  protruding  about  100  feet  through 
le  marls. 

The  object  of  this  paper  is — (1)  To  remark  upon  the  unusual 
evation  of  the  Keuper  marls.  (2)  To  consider  the  probability  of 
le  entire  submergence  of  the  hill  during  the  Trioi^sic  period. 

1.  Elevation, — Acting  upon  a  statement  of  Professor  Phillips  that 
the  Triassic  system  offers  the  remarkable  fact  of  never  rising  to 
ovations  much  above  800  feet,"  the  authors  by  personal  inspection, 
here  possible,  and  by  the  aid  of  ordnance  levels  failed  to  discover 
ly  point  on  the  Trias  in  England  reaching  a  greater  height  than 
)0  feet  except  at  Bardon  Hill.     Here,  *  skerry '  bands  in  the  Keuper 
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marl  may  be  seen  at  a  height  of  810  feet,  and  the  marl  may  be  traced 
in  the  fissures  of  the  Cambrian  rocks  to  a  height  of  880  feet.  Hence 
the  conclusion  that  the  Keuper  marls  at  Bardon  reach  an  eleTation  at 
least  as  high  and  possibly  higher  than  at  any  other  point  in  the 
same  strata  in  England. 

2.  Submergence. — The  probability  of  Bardon  Hill  (912  feet),  and 
therefore  the  whole  Chamwood  area,  being  entirely  submei^ed  dming 
Triassic  times  presents  itself  as  a  problem. 

The  authors  find  at  810  feet  two  distinct  'skerry'  bands  resting 
npon,  and  overlain  by,  Keuper  marl.  In  the  Siberia  Quarry  the 
marl  is  found  filling  in  two  joints  which  rise  nearly  vertically  a 
height  of  80  feet.  This  '  filling '  may  be  traced  in  the  joints  to 
a  level  of  880  feet,  or  32  feet  below  the  summit  of  the  hill.  There 
is  no  evidence  suggesting  the  sudden  termination  of  the  marl  at  this 
level,  but  further  tracing  was  prevented  by  vegetation.  It  is  obvious 
that  the  marl  must  have  been  deposited  from  an  elevation  higher 
than  880  feet. 

Further  evidence  in  support  of  submergence  is  offered  as  follows:— 
The  general  dip  of  the  marls  in  this  district  is  from  1®  to  3°  S.E. 
Allowing  an  inclination  of  1°  only,  or  90  feet  per  mile  from  a  point 
at  the  junction  with  the  Eheetics  near  Leicester,  this  would  give  (on 
the  assumption  that  this  inclination  originally  extended  to  Bardon) 
o  covering  of  over  200  feet  of  marl  above  the  present  hill. 

y. — On  a  hitherto  unnoticed  Section  op  the  Amalthevs  spisatcs 
Zone  and  the  Tbansition  Bed  in  the  Middle  Lias  at  Billesdo5 
CopLOw,  Leicestershire.     By  A.  R.  Horwood.* 

rpHE  author,  after  alluding  to  a  section  published  by  E.  Wilson  in 
J^  the  Geological  Magazine,  1889,  p.  296,  of  the  Marlstone  in  the 
railway  cutting  at  Tilton,  Leicestershire,  referred  to  a  statement  by 
that  writer  regarding  it  as  the  only  exposure  of  the  Amaltheui 
spinatus  zone  and  Transition  bed  in  the  county. 

Some  recent  researches,  however,  have  resulted  in  the  discovery  of 
these  beds  in  a  little  quarry  on  the  road  between  Tilton  village  (some 
distanec  from  the  cuttiny;  quoted)  and  Billesdon  Coplow,  forming  part 
of  the  escai*pment  called  Life  Hill,  and  about  700  feet  U.D. 
There  the  very  characteristic  Gasteropod  and  Cephalopod  zone  of 
the  Transition  bed  is  well  developed ;  and  so  uniform  is  this  horizon 
in  position  and  faunal  contents  that  the  author  wished  to  see  more 
stress  laid  on  it  than  had  previously  been  done,  as  indicating  the 
uppermost  beds  of  the  Marlstone  wherever  found,  being  indeed  a  safe 
guide  where  other  beds  were  wanting  to  denote  this. 

Another  feature  to  be  noted  in  the  higher  part  of  the  Kock-bed, 
hitherto  unnoticed  or  but  little  emphasised  by  previous  writers  on 
Liassic  geology,  was  the  occurrence  of  a  very  well-marked  encrinital 
limestone  band,  varying  from  a  foot  to  eighteen  inches,  though  often 
less,  of  a  veiy  hard  nature,  less  subject  to  the  effects  of  weathering 
and  decomposition  than  the  Marlstone  itself,  which  occurs  some  three 
or  four  feet  lower  in  the  section.     This  is  to  be  found  also  on  Tilton 

^  Head  before  Section  C  (Geology),  British  Association,  Leicester,  1907. 
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Hill,  indicating  there  also  the  existence  of  higher  beds  than  previously 
known.  Its  composition  was  much  like  some  forest  marbles,  entirely 
differing  from  that  of  beds  above  or  below,  though  traces  of  a  similar 
structure  occurred  less  regularly,  but  never  as  a  definite  layer  or  seam, 
in  other  parts  of  the  section. 

The  horizon  of  Wilson's  type-specimen  of  Eodiadema  grantdata  had 
never  been  definitely  ascertained,  nor  indeed  that  of  the  majority  of 
the  Gasteropods,  etc.,  described  by  him  as  coming  from  Tilton,  but 
found  in  the  debris  used  in  the  construction  of  the  East  Korton 
embankment. 

The  Billesdon  Coplow  section  solved  this  question,  for  there  the 
same  Echinoderm  was  found  with  a  number  of  the  same  genera  and 
species  of  Gasteropoda,  Cephalopoda,  etc.  It  had  also  been  found  by 
others,  and  there  was  an  example  from  Desborough  in  the  Invertebrate 
Department  of  the  Leicester  Museum  under  the  writer's  charge. 

In  conclusion  the  author  wished  to  reiterate  his  remarks  as  to  the 
importance  for  zonal  purposes  of  this  Gasteropod  band  of  the 
Transition  bed  of  the  Middle  Lias. 

The  character  of  the  fauna  stamped  it  decidedly  as  purely  littoral 
or  coastal,  whilst  that  of  the  beds  below,  containing  as  they  did 
chiefly  Brachiopoda  and  deeper-water  Lamellibranchs  and  Cephalopods, 
pointed  to  their  being  of  a  more  pelagic  nature. 

It  marked  a  change  in  the  physical  conditions  which  predominated 
at  that  period,  and  as  such  was  rightly  named  a  *  Transition  bed,'  for 
the  Upper  Lias  fauna  was  itself  only  a  modification  of  it,  with  some 
differences  of  lithological  composition  in  the  strata  and  of  species  in 
the  fauna  which  characterised  it. 

Probably  the  inset  of  more  littoral  conditions  took  place  between 
the  formation  of  the  thick  encrinital  seam  mentioned  above  and  that 
of  the  Transition  bed.  Certainly  pelagic  conditions,  judging  from  the 
lithology  and  fauna  of  the  beds  below,  seemed  to  come  to  a  close  about 
the  time  when  this  encrinital  seam  was  deposited. 

The  thickness  of  the  strata  and  the  fauna  of  the  two  sections,  the 
one  at  Tilton  as  described  by  Wilson  and  the  other  as  discovered  at 
Billesdon  Coplow  by  the  writer,  were,  with  some  slight  differences, 
due  to  local  causes,  more  or  less  identical. 


VI. — Notes    on    the    Ancient    Volcanoes    of    Basutolind.      By 

Rev.  S.  S.  DoKNAN. 

BASUTOLAND  is  a  high  plateau  between  the  Vaal  and  the 
Orange  Rivers.  It  is  the  culminating  point  of  the  great  plateau 
which  fills  the  whole  interior  of  the  sub-continent.  Upon  this 
plateau,  as  a  foundation,  stand  the  gi'eat  volcanic  ranges,  more  than 
11,000  feet  high. 

From  the  Caledon  River  to  the  edge  of  the  great  volcanic  plateau 
is  about  fifteen  miles.  This  plain  is  fairly  level,  and  is  interspei*sed 
with  flat-topped  mountains  rising  to  1,500  feet  above  the  plain. 
These  represent  the  original  level  of  the  country.  The  geology  of 
the  country  is  exceedingly  simple.  It  is  filled  with  the  Stormberg 
series,  lying  nearly  horizontal.     The  total  thickness  of  these  rocks 
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amounts  to  6,000  feet,  of  which  the  volcanic  beds  amount  to  4,000 
feet.  The  sandstones  are  loose  and  friable,  and  contain  remains  o! 
plants,  dinosaurs,  and  crocodiles. 

The  volcanic  beds  are  the  most  striking  rock  features  of  the 
country,  as  they  compose  all  the  highest  summits  of  the  great  ranges 
of  mountains  known  as  the  Drakensberg  and  Malote. 

The  vents  from  which  the  lavas  and  ash  proceeded  which  hare 
built  up  these  great  piles  of  rock  can  be  roughly  arranged  in  three 
or  four  parallel  lines,  corresponding  to  the  present  ranges  of  mountains. 
The  first  range  consists  of  Machache,  Thaba  'Telle,  etc. ;  the  second 
of  Dikolobeng,  Mokhele,  etc. ;  the  third  of  Mount  Hamilton  and 
Motai ;  and  the  last  of  the  great  summits  of  the  Drakensberg,  such 
as  Mont  aux  Sources,  Champagne  Castle.  Most  of  these  mountains 
are  10,000  feet  high  and  up  weirds.  The  rivers  run  in  the  syndines 
between  these  ranges  of  mountains,  as  a  glance  at  the  map  shows. 

The  volcanic  beds  consist  of  lavas  and  ashes,  with  occasional 
silicious  tufEs,  intersected  with  intrusive  sheets  and  dvkes.  Mo«t 
of  the  lavas  are  amygdaloid ;  scoriaceous  varieties  also  occur,  but  thej 
are  much  less  common.  The  beds  are  often  full  of  pipe-like  vesicles, 
filled  with  calcite,  but  often  empty.  These  vesicles  are  inclined 
towai'ds  the  vent.  Basaltic  lavas  are  common,  and  andesites  also 
occur. 

A  short  description  of  four  of  the  most  prominent  peaks  will  serre 
as  examples  of  the  others. 

(1)  Thaba  'Telle.  It  is  about  7,800  feet  high,  with  steep-in 
some  places  precipitous — sides.  It  is  composed  of  doleritic  amygdaloid 
lavas,  alternating  with  beds  of  ash.  The  plug  is  agglomerate, 
evidently  the  remains  of  the  old  throat.  The  lavas  are  full  of  steam 
holes.  Thick  deposits  of  purple  ash  also  occur.  Near  the  base  of 
the  mountain  is  a  large  intrusive  sheet,  surrounding  what  was  formerly 
a  subsidiary  cone,  but  is  now  nothing  more  than  a  mere  conical  plug 
of  agglomerate. 

(2)  Thaba  Tsuen.  This  mountain  is  slightly  lower  than  the  pre- 
ceding, but  of  beautiful  conical  shape.  The  height  is  7,529  feet 
It  consists  of  two  terraces  and  the  agglomemte  plug.  The  total 
thickness  of  lavas,  ashos,  and  agglomerate  is  1,600  feet.  The  plug 
proper  rises  from  the  second  terrace,  which  slopes  gently  inwards, 
indicating  the  roots  of  the  old  cone.  The  plug  is  composed  of  coarse 
doleritic  lava  and  agglomerate,  and  is  about  500  feet  high.  It  is 
a  prominent  landmark,  and  even  more  typically  volcanic  than  many 
of  the  other  peaks.  The  deposition  of  the  lavas  was  not  continuous, 
as  there  are  thin  intercalated  beds  of  sandstone.  The  same  feature 
occurs  on  all  the  other  mountains  examined. 

(3)  Thaba  de  Noha.  This  is  a  portion  of  the  great  Mokhele  range. 
The  plug  and  a  portion  of  the  old  crater  walls  remain.  The  lavas 
at  one  point  arc  glassy  and  steeply  inclined,  at  another  scoriaceous. 
There  are  also  thick  beds  of  ash.  The  characteristics  of  the  lavas 
in  this  range  are  similar  to  the  peaks  previously  mentioned. 

(4)  Thaba  *Xtso.  This  mountain  is  7,560  feet  high.  It  is  part 
of  a  great  range  running  perpendicular  to  the  course  of  the  Oruige 
lliver.     The  composition  of  the  lava  beds  is  similar  to  Thaba  de 
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Noha,  the  principal  difference  being  that  the  beds  of  ash  are  thicker 
and  better  consolidated,  evidently  pointing  to  deposition  in  deeper 
water. 

Many  of  the  very  highest  peaks^  such  as  Mont  aux  Sources,  Motai, 
Mount  Hamilton,  are  not  described  here,  as  the  writer  has  neyer  been 
able  to  visit  them. 

A  short  notice  of  the  intrusive  sheets  and  dykes  is  a  necessary 
complement  to  the  description  of  the  lavas.  These  dykes,  etc.,  are 
posterior  to  the  volcanic  beds  which  they  traverse.  None,  so  far  as 
the  writer  knows,  have  the  characteristic  of  a  lava-flow. 

They  vary  much  in  size,  from  a  few  inches  thick  and  a  few  yards 
long  up  to  20  feet  or  more  in  thickness  and  several  miles  in  length. 
Two  remarkable  examples  of  the  latter  kind  occur  in  South  Basutoland, 
near  Mohales'  Hoek.  The  dolerite  is  columnar,  and  as  straight  as  if 
laid  out  artificially.  Small  displacement  of  the  neighbouring  strata 
is  a  conspicuous  feature  of  these  dykes. 

The  country  owes  its  present  configuration  to  two  series  of  earth 
movements  —  one  from  west  to  east  and  the  other  from  south  to 
north,  long  afterwards.  There  is  no  evidence  of  denudation  before 
the  deposition  of  the  lavas,  and  the  writer  is  of  opinion  that  the  lavas 
were  not  all  subaqueous. 


YII. — ^LlF£-Z0N£S  IK   THE   BRITISH   GaKBONIFEBOUS   EoCKS.^ 

THE  part  of  the  Keport  for  1906  which  deals  with  the  Carboniferous 
zones  in  Flintshire  was  founded  on  work  done  by  Dr.  Hind  and 
Mr.  Stobbs.  Their  conclusions  were  presented  in  a  paper  read  before 
the  Geological  Society  of  London  on  April  4th,  1906.  The  Committee 
are  not  unanimously  in  agreement  with  some  of  the  conclusions.  On 
reference  to  the  Abstr.  Proc.  Geol.  Soc,  No.  827  (1906),  pp.  88-92, 
it  will  be  seen  that  differences  of  opinion  exist  both  as  to  the  sequence 
and  classification  of  the  Carboniferous  rocks  of  Flintshire. 

In  1895,  at  the  meeting  of  the  Association  at  Ipswich,  a  paper  was 
read  before  Section  C  by  Messrs.  Garwood  and  Man*  in  which  they 
suggested  'Hhat  a  Committee  be  appointed  to  inquire  into  the 
possibility  of  dividing  the  Carboniferous  rocks  into  zones,  to  call  the 
attention  of  local  observers  to  the  desirability  of  collecting  fossils  with 
this  view,  and,  if  possible,  to  retain  the  services  of  eminent  specialists 
to  whom  these  fossils  may  be  submitted.''  ^  As  the  result  of  that  paper 
the  present  Committee  was  appointed  at  the  same  meeting. 

Much  has  since  been  done,  largely  owing  to  the  work  of  the 
Committee,  and  especially  by  the  researches  of  Dr.  A.  Vaughan, 
whose  well-known  paper  on  the  **Pala5ontological  Sequence  in  the 
Carboniferous  Limestone  of  the  British  Area"  has  in  an  eminently 

^  Beport  of  the  Committee,  consiBting  of  Mr.  J.  £.  Marr  (Chairmau), 
Dr.  Wheelton  Hind  (Secretary),  Dr.  F.  A.  Bather,  Mr.  G.  C.  Crick,  Dr.  A.  H.  Foord, 
Mr.  H.  Fox,  Professor  E.  J.  Garwood,  Dr.  G.  J.  Hinde,  Professor  P.  F.  Kendall, 
Mr.  R.  Kidston,  Mr.  G.  W.  Lamplugh,  Professor  G.  A.  Lebour,  Mr.  B.  N.  Peach, 
Mr.  A.  Strahan,  Dr.  A.  Vaughan,  and  Dr.  H.  Woodward.  Read  before  Section  0 
(Geology),  British  Association,  Leicester,  1907. 

'  Beport  British  Association,  1895  (Ipswich),  p.  696. 
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successful  manner  shown  the  possibility  of  the  task  for  the  considera- 
tion of  which  the  Committee  was  initially  appointed. 

The  Committee  in  submitting  this  final  report  desire  to  place  on 
record  their  appreciation  of  the  energy  and  enthusiasm  of  their 
secretary,  Dr.  Wheelton  Hind. 

Bepart  on  the  work  done, — Mr.  H.  Bolton,  in  an  admirable  paper, 
brought  before  the  Geological  Society  the  work  he  had  done  on  the 
fauna  of  a  marine  horizon  at  the  base  of  the  Bristol  Coalfield,  a  work 
towards  which  a  portion  of  the  grant  was  applied  some  two  years  ago. 
His  paper  will  doubtless  appear  in  the  Society's  Quarterly  Joonuil, 
and  it  is  unnecessary  to  say  more  here. 

Mr.  Tait,  collector  of  the  Geological  Survey  of  Scotland,  has  been 
examining  the  Millstone  Grit  succession  east  of  Lancaster  this 
Summer ;  and  Mr.  Watson,  of  Owens  College,  has  been  working  in 
the  upper  part  of  the  valley  of  the  Nidd.  It  has  not  been  possible  to 
examine  their  collections  in  time  for  this  report. 

The  Secretary  was  fortunate  enough  to  secure  a  fine  collection  of 
plants  obtained  in  an  abortive  attempt  to  find  coal  at  Thirshfield,  near 
Grassington,  in  the  valley  of  the  W  harf.  The  exact  place  of  the 
sinking  is  lat.  54^  3^,  long.  2^  2\  and  the  shales  are  stated  to  be  those 
which  occur  below  a  bed  of  Millstone  Grit. 

Mr.  Kidston  has  kindly  examined  the  specimens  for  him,  and  the 
following  list  is  the  result : — 

Sphenopteria  elegans^  Bgt.  Sphenophyllum  tenerrimumy  £tt.,  sp. 

talymmatotheea  Statigeri^  Star.  Lepidodendron  sp. 

Rhodia  MoravieOf  Ett.,  sp.  Lepidostrobu*  sp. 

Sphenopteria  sp.  Sinall  Lycopodiaceoos  bract. 

Calamites  OstraviensiSf  Stur.  JRhabdoearptu  {?)  sp. 
Ca  la  mites  sp. 

Mr.  Kidston  states,  with  regard  to  the  horizon :  "I  have  not  the 
slightest  doubt  that  the  bed  these  specimens  come  from  is  on  the 
liorizon  of  the  Upper  Limestone  group  of  the  Carboniferous  Limestone 
Series  of  Scotland."  At  any  rate,  we  know  that  the  Lower  Limestone 
group  of  Scotland  has  a  fauna  which  indicates  the  Upper  Dihuno- 
phyllum  zone. 

VIII. — The  Faunal  Succession  in  the  Caeboxifebous  Liicsstoite  or 

THE  South-West  of  England.* 

11HE  work  has  progressed  steadily,  but  less  rapidly  than  was  antici- 
pated owing  to  the  necessity  which  has  arisen  of  investigating 
the  validity  of  certain  genera  and  the  correct  application  of  specific 
names. 

1. — The  Aronian  Sequence  in   Gower, 

The  zoning  of  the  Avonian  sequence  of  the  Gower  Peninsula, 
undertaken  in  conjunction  with  Mr.  E.  E.  L.  Dixon  in  the  Summer 
of  1905,  is  now  completed,  and  the  results  will  be  presented  to  the 

Geological  Society  early  next  session. 

^  Report  of  the  Committee,  consisting  of  Professor  J.  W.  Gregory  (Chairman), 
Dr.  A.  Vaughan  (Secretar)-),  Dr.  Wheelton  Hind,  and  Professor  W.  W.  Watti, 
appointed  to  enable  Dr.  A.  Vaughan  to  continue  his  Researches  thereon.  (Drawn 
up  by  the  Secretar).)  Read  hefore  Section  C  (Geology),  Britii^  Afsodatioa, 
Leicester,  1907. 
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In  this  investigatioii  the  chief  interest,  from  a  zonal  standpoint, 
centres  in  the  occurrence  of  a  higher  faunal  level  than  is  known  from 
any  other  point  of  the  South- Western  Province.  The  level  here 
referred  to  is  that  of  the  Oystermouth  Beds,  of  which  the  well-known 
Bishopston  rotten-stones  are  the  degraded  representatives.  The  list 
of  genera  from  these  beds  is  practically  identical  with  that  from  the 
Upper  Toumaisian — a  fact  which  may  be  taken  to  imply  equivalence 
of  environment.  Important  conclusions  as  to  variation  in  time  during 
the  Yisean  period  have  therefore  been  reached  by  comparing  the 
several  species  of  each  genus  at  the  Oystermouth  level  (uppermost 
Vis^an)  and  those  of  the  same  genus  in  the  Upper  Zaphrentis-zone 
(Upper  Toumaisian).  The  comparison  of  these  two  levels  determines 
those  characters  of  each  genus  which  are  indicative  of  old  ago ;  whereas 
the  comparison  of  the  Brachiopods  (or  of  the  Corals)  at  one  and  the 
same  level  determines  those  characters  which  are  affected  by  con- 
vergence. 

Mr.  Dixon's  careful  study  of  the  conditions  of  deposition  which  are 
implied  by  the  several  lithic  types  increases  very  greatly  the  value  of 
the  zonal  investigation  by  preventing  the  error  of  mistaking  a  change 
of  fauna  with  change  of  conditions  for  a  true  zonal  sequence  dependent 
upon  evolution. 

2. — The   Carhoniferous  Sequence  from  Rush  to  Skerries,   Co.  Dublin. 

{In  conjunction  with  Dr.  C.  A.  Matley.) 

The  stratigraphical  relations  have  been  admirably  worked  out  by 
Dr.  Matley,  in  spite  of  a  quite  remarkable  intricacy  of  tectonic  detail. 

From  a  zonal  point  of  view  the  main  subject  of  inquiry  is  the  true 
relative  position  of  four  distinct  series  whoso  sequence  with  one 
another  is  broken  either  by  faults  or  gaps.  The  problem  has  been 
solved  by  a  broad  comparison  of  the  coral  faunas  and  their  sequence 
in  the  South- Western  Province.  The  relative  position  of  the  several 
portions  has  thus  been  established,  and  it  has  consequently  become 
possible  to  draw  up  a  detailed  faunal  sequence  for  the  whole  section. 
This  sequence  starts  in  the  Upper  Toumaisian,  and  extends  beyond 
uppermost  Avonian,  being,  however,  notably  incomplete  in  its  middle 
portion. 

The  highest  beds,  which  still  exhibit  an  abundant  Avonian  fauna 
(the  Upper  Cyathaxonia  beds),  include  a  maximum  of  Fosidofwmya 
Becheri,  and  at  the  same  time  contain  several  strikingly  specialised 
forms  of  Corals  and  Brachiopods  which  also  occur  in  the  Lower  Lime- 
stones of  Scotland  and  in  the  uppermost  Limestones  of  the  western 
Midlands  and  Settle.  Much  light  has  thus  been  thrown  upon  the 
true  correlation  of  the  uppermost  Avonian  rocks  in  widely  distant 
areas. 

These  results  will  be  published  at  an  early  date. 

3. — Pal(eo7Uological   Work, 

The  palsBontological  work  arising  out  of  these  two  papers  has  been 
Tory  considerable,  and  is  as  yet  incomplete. 

Minute  study  of  the  material  collected,  and  comparison  with  that 
already  gathered  from  the  South- Western  Province  and  other  British 
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localities,  has  shown  the  necessity  of  a  re-investigatioo  of  the  value  of 
the  characters  upon  which  certain  genera  have  been  founded — e.g.,  the 
presence  of  a  septum  in  Orthotetids,  the  existence  of  original  fringes  in 
Athyrids,  the  septation  of  Zaphrentids,  etc. 

I  am  also  engaged  upon  the  study  of  the  types  of  Carboniferous 
Brachiopods  preserved  in  the  British  Museum,  and  in  this  task 
Mr.  S.  S.  Buckman  has  very  kindly  placed  his  long  experience  at  mj 
service. 

I  have  also  to  acknowledge  the  great  help  which  I  have  reoeiTed 
from  Mr.  R.  G.  Carruthers  in  studying  the  Zaphrentids,  and  from  manj 
fellow- geologists  who  have  sent  me  material  for  examination,  and  thus 
allowed  me  to  keep  in  touch  with  the  progress  of  research  outside  the 
areas  in  which  I  have  myself  worked. 

So  much  remains  to  be  done  that  I  feel  justified  in  asking  for  the 
continuance  of  this  Committee  for  yet  another  year. 


IX. — Note    on     a.    New    Section     in    the    Glacial    Gea.vels  or 
HoLDEBNEss.    By  T.  Sheppabd,  F.G.S.,  and  J.  W.  Statheb,  F.G.S.' 

rilHE  North-Eastern  Railway  Company  has  recently  been  making 
X     some  extensive  excavations  in  a  hill  situated  between  the  well- 
known  Kelsey  Hill  and  Burstwich  Gravel-pits  in  Central  Holdemess. 
At  the  present  time  the  section  exposed  is  probably  the  finest  of  its 
kind  in  the  country.     The  cutting  is  made  through  the  heart  of  the 
hill,  and  the  exposed  section  is  1,300  feet  long  and  45  feet  high  in  the 
centre,  from  which  the  section  gradually  slopes.     The  sides  of  the  hill 
are   flanked  by   Boulder-clay,    and  irregular  masses  also   occur  at 
intervals  in  the  gravel.     There  are  two  types  of  Boulder-clay  visible, 
the  upper  or  Hessle  Clay,  containing  a  preponderance  of  Cheviot  rocks, 
and  the   pui-ple   or   middle    Boulder  -  clay  with    its    Carboniferoo^ 
limestones  and  basalts.     The  gravels  are  somewhat  similar  to  those 
described  by  Mr.  Clement  Reid  at  Kelsey  Hill  as  Interglacial,  but  the 
present   authors   consider  them  to  be  merely  part  of   the   terminal 
moraine  of  the  North  Sea  ice-sheet.     In  addition  to  the  far-travelled 
boulders,  a  lengthy  list  of  marine  shells,  mostly  of  an  Arctic  type,  has 
been  compiled,  and  the  species  Cyretw  ( Corhiculd)  fluminalU^  a  fresh- 
water form,  also  abounds.     An  interesting  collection  of  mammalian 
remains  has  been  secured,  and  includes  bones  of  EUpKa%  primi^enitUf 
Rhinoceros,  Walrus,  Red  Deer,  Bison  prisctu^  Horse,  and  Bos,     Some 
of  these  bear  evidence  of  having  been  gnawed  by  the  Hysena.     It  is 
thought  that  the  shells  and  mammalian  remains  have  been  caught  up 
by  the  moving  ice  mass,  and  in  this  way  incorporated  in  the  moraine. 


X. — On  a   Mabine  Peat  from  the  Union  Dock,  Liverpool.*     By 

J.  LoMAs,  A.R.C.S.,  F.G.S. 

DURING  excavations  in  the  Union  Dock  on  the  Mersey  Docks  and 
Harbour  Board  Estate  in  the  South  End  of  Liverpool  a  very 
remarkable  peat  band  was  discovered.  Reckoning  downwards  from 
a  datum-line  3  feet  above  Old  Dock  Sill  a  section  showed : — 

^  Read  before  Section  0  (Geology),  British  Association,  Leicester,  1907. 
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Sand  with  black  carbonaceouB  bands 

jr  ca  V  ...  ... 

Blue  olaj  with  rootlets 
Sand  with  thin  bands  of  peat 

Boulder-clay         

Bunter  pebole  beds 

The  upper  peat  was  entirely  composed  of  marine  plants,  laminaria 
predominating.  On  the  fronds  were  numerous  encrusting  organisms, 
such  as  polyzoa,  hydrozoa,  the  fry  of  young  molluscs,  etc. 

The  lower  peat,  while  consisting  mainly  of  marine  plants,  contained 
a  few  drifted  pieces  of  oak  and  other  land  plants. 

The  sands  accompanying  the  peat  resemble  those  of  the  Mersey  Bar, 
and  besides  the  quartz  which  makes  up  the  bulk  of  the  deposit, 
contain  zircon,  garnet,  tourmaline,  dolomite,  kyanite,  rutile,  staurolite, 
orthodase,  felspar,  biotite  and  muscovite,  shell  fragments,  foraminifera, 
sponge  spicules,  and  polyzoa. 

The  deposit  was  probably  accumulated  in  a  sheltered  bay  in  the  old 
estuary  of  the  Mersey. 

The  chief  interest  lies  in  the  fact  that  peat  may  be  formed  from 
marine  as  well  as  from  land  plants. 


XI. — ^Thb  Distribution  of  Kadiuh  in  the  Koc£s  of  the  Simplov 
Tunnel.*     By  Professor  J.  Jolt,  ScJ).,  F.R.S. 

f  pHE  principal  classes  of  material  which  enter  into  the  composition 
JL  of  the  massif  of  the  Simplon  are :  (a)  The  Jura-Trias  sediments, 
lithologically  often  much  alike  and  much  interfolded;  {h)  the 
PalsBOZoic  crystalline  schists ;  and  {c)  the  gneiss  of  Monte  Leone  and 
the  Antigorio  gneiss,  both  stated  to  be  of  Archaean  age.  These  rocks 
throughout  contain  radium,  and  for  the  most  part  in  quantities  much 
above  what  hitherto  has  been  ascribed  to  sedimentary  or  igneous  rocks. 

Some  thirty-six  typical  samples,  taken  from  various  points  in  the 
tunnel,  have  been  examined.  The  poorest  in  radium  are  certain 
anhydrite  rocks.  Certain  amphibolite  schists  go  very  high.  The 
Antigorio  gneiss  rises  from  10*5  x  10~*'  and  8*0  x  10~"  grams  radium 
per  gram  of  rock  at  the  Italian  entrance  to  23*7  x  10~"  at  4,000 
metres  inwards.  Some  of  the  Archsean  gneisses  yielded  very  high 
results. 

Such  quantities  of  radium  if  generally  distributed  throughout  the 
rocks  of  the  massif  would  be  sufficient  to  disturb  any  forecast  of  the 
temperature  which  under  normal  conditions  would  be  encountered  at 
the  level  of  the  tunnel.  It  is  suggested  that  the  radium  was,  in  fact, 
the  source  of  the  discrepancy  between  the  predicted  and  the  observed 
rock  temperatures. 

As  it  is  improbable  that  these  results  are  unique  and  apply  only  to 
this  particular  sedimentary  accumulation  and  locality,  they  appear  to 
point  to  hitherto  unsuspected  quantities  of  radium  (and  its  parent 
elements)  in  the  immediate  surface  materials  of  the  earth.  It  seems 
impossible  to  avoid  the  conclusion  that  these  elements  were  precipitated 

^  Bead  before  Section  C  (Geology),  British  Association,  Leicester,  1907. 
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along  with  the  sediments  entering  into  the  composition  of  the  massL 
The  question  then  arises  whether  the  accumulation  of  such  quantities 
of  radio-active  elements  may  not  enter  as  a  factor  in  the  events 
attending  mountain -huilding.  It  can  be  shown  that  an  area  of  sedi- 
mentation whereon  has  been  accumulated  some  10,000  metres  of 
sediments,  having  a  richness  in  radium  comparable  with  the  Simplon 
rocks,  must  necessarily  become  an  area  of  greatly  lessened  cnist- 
rigidity,  and  would  hence  become  the  probable  site  of  cmst-flexure 
under  tangential  compressive  stress. 

Further  investigation  will  be  required  before  such  views  can  be 
generalised  and  the  importance  of  radium  as  a  source  of  instabilitv  d 
the  earth's  crust  be  determined.  Apart  from  any  speculations  as  to 
the  influence  of  radium  as  the  cause  of  an  energetic  substratum,  the 
shifting  of  radium  and  its  parent  elements  by  denudation  most  be 
regarded  as  a  convection  of  thermal  energy,  and  this  convection,  if  the 
quantities  involved  are  sufficient,  must,  under  the  conditions  referred 
to  above  and  the  unceasing  action  of  denudation,  become  rhythmic  in 
operation,  and  at  the  same  time  must  result  in  shifting  the  areas  of 
high  temperature  and  crust- weakness  from  ago  to  age  as  the  site  of 
sedimentary  accumulation  changes. 


XII. — The  Felsitic  Aoolomekate  op  the  Chabkwood  Foanr.^    By 

F.  W.  Bennett,  M.D.,  B.Sc. 

rPHE  rocks  lying  between  the  Beacon  Series  and  the  BlackbrooV 
1  formation  comprise  a  greater  variety  than  has  been  hitheito 
recognised.  Three  main  beds  can  be  distinguished,  which  may  be 
called  the  coarse,  white,  and  pink  grits.  The  pink  grit,  which  is  the 
uppermost  bed,  is  the  one  to  which  almost  exclusively  the  name  of 
*  Felsitic  Agglomerate  '  has  been  hitherto  given. 

Careful  examination  of  the  rocks  in  the  Buck  Hills  has  now  con- 
clusively proved  that  they  belong  to  the  Felsitic  Series. 

The  rocks  in  the  north-west  of  the  Forest  have  always  given  rise  to 
much  difficulty.  It  is  possible  to  trace  the  Felsitic  Agglomerate  as 
a  distinct  series  of  rocks  in  Timberwood  Hill.  The  gpx>und  in  this 
part  of  the  Forest  has  been  extremely  faulted,  and  a  good  example  of 
this  occurs  in  Collier  Hill. 

To  the  north  of  the  monastery,  rocks  have  now  been  traced  which 
evidently  lie  on  the  horizon  of  the  Felsitic  Series.  They  differ  in  some 
ways  from  the  ordinary  agglomerate  type,  especially  as  regards  their 
texture,  which  becomes  highly  crystalline.  It  is  found  that  these 
Felsitic  rocks  have  been  intruded  into  by  igneous  flows,  both  near  the 
Cademan  area  and  also  in  Bardon  Hill ;  and  it  is  probably  due  to  this 
cause  that  the  texture  of  the  rock  has  been  so  much  altered. 

The  position  of  these  beds  in  relation  to  the  Bomb  rocks  makes 
it  probable  that  they  correspond  to  the  Felsitic  Series,  and  this 
coiTclation  is  confirmed  by  comparison  of  some  of  the  more  recently 
discovered  types  with  those  of  the  ordinary  Felsitic  Agglomerate  rocks. 

'  Reid  before  Section  C  (Geology),  British  Association,  Leicester,  1907. 
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Xni. — Oir  THX  OCCUSRENCX  OF  BoULDEBS  OF  StBONTIA  IN  THE  XJPPEB 

TfiiAssic  Maels  of  Abbots  Leigh,  keab  Bbistol.^     By  Bjbbbebt 
BoLTOK,  r.R.8.E.,  F.G.S. 

A  CONSIDERABLE  area  of  the  park  attached  to  Leigh  Court,  near 
Bristol,  has  been  found  to  be  underlaid  by  a  remarkable  deposit 
of  huge  boulders  of  strontia  embedded  in  Triassic  marls.  The  boulders 
in  various  places  appear  above  the  surface.  The  soil  varies  in  depth 
from  a  few  inches  to  4  feet,  and  rests  upon  the  irregular  surface  of 
the  marl-beds  containing  strontia.  The  boulders  of  strontia  are  found 
of  all  sizes,  from  a  pea  up  to  masses  estimated  at  100  tons  in  weight. 
Li  one  instance  the  breaking-up  of  a  single  boulder  of  strontia 
occupied  six  men  for  five  weeks.  Six  hundred  tons  of  the  mineral 
were  found  in  one  pit,  15  yards  long  by  21  yards  wide. 

The  upper  surface  of  tiie  boulders  is  usually  deeply  grooved,  the 
grooves  running  approximately  north  and  south.  The  boulders  readily 
split  into  slabs  along  lines  coinciding  with  the  grooves.  The  deposit 
np  to  the  present  has  not  exceeded  a  greater  depth  than  1 1  feet.  The 
yield  of  sbt>ntia  is  about  2,000  tons  per  acre. 


XIV. — Investioatiov    of  the    Fossilifebous    Dbift    Deposits    at 

KlBHIltGTON,    LlirCOLNSHIBE,    AND    AT    VABI0U8    LOCALITIES    IK    THE 

East  Bidino  of  Yobkshibe.'    By  J.  W.  Statheb,  F.G.S. 

AS  was  intimated  in  our  report  for  1905,  the  work  during  the  past 
year  has  been  directed  to  the  investigation  of  the  deposit  at 
Bielsbeck,  or  Bealsbeck,  in  the  Yale  of  York,  which  was  examined 
between  seventy  and  eighty  ^years  ago  by  the  Bev.  W.  V.  Harcourt,. 
and  yielded  the  remains  of  numerous  extinct  mammals.  The  object 
of  our  investigation  was  mainly  to  ascertain  if  any  further  evidence 
could  be  obtained  to  show  the  relation  of  this  fossiliferous  deposit  to 
the  glacial  drifts. 

The  work,  which  was  carried  out  under  the  superintendence  of 
Professor  P.  F.  Kendall,  Messrs.  G.  W.  B.  Macturk,  Thomas  Sheppard, 
and  the  Secretary,  confirmed  the  statements  of  the  previous  observers : 
(1)  that  the  deposits  yielding  the  bones  rested  immediately  on  the 
Keuper  Marl;  (i2)  that  they  have  been  accumulated  in  a  boggy  hollow 
on  an  old  land  surface ;  and  (3)  that  at  this  particular  locality  there 
is  no  material  that  can  be  assigned  to  the  direct  agency  of  ice.  It 
therefore  still  remains  a  debatable  question  whether  the  bone-bearing 
material  was  accumulated  before,  during,  or  since  the  Glacial  period ; 
and  it  would  appear  that  the  elucidation  of  this  matter  will  depend 
upon  the  investigation  of  a  wide  area  to  determine  what  was  the 
condition  of  the  Vale  of  York  during  that  period. 

^  Read  before  Section  C  (Greology),  British  Association,  Leicester,  1907. 

'  Report  of  the  Committee,  consisting  of  Mr.  G.  W.  Lamplugh  (Chairman), 
Mr.  J.  W.  Stather  (Secretary),  Dr.  Tempest  Anderson,  Professor  J.  W.  Carr, 
B«T.  W.  Lower  Carter,  Dr.  A.  R.  Dwerryhouse,  Mr.  F.  W.  Harmer,  Mr.  J.  H. 
Howarth,  Rev.  W.  Johnson.  Professor  V\  F.  Kendall,  and  Messrs.  G.  W.  B. 
Macturk,  £.  T.  Newton,  H.  M.  Platnauer,  Clement  Reid,  and  Thomas  Sheppard. 
(Drawn  up  by  the  Secretary.)  Read  before  Section  C  (Geology),  British  Association, 
Leicester,  1907. 
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The  absence  of  glacial  deposits  in  this  part  of  the  country  may,  on 
the  one  hand,  imply  that  the  area  was  never  glaciated ;  or,  on  the 
other  hand,  it  may  mean  that  glacial  deposits  once  existing  have  been 
entirely  removed.  If  the  former  be  the  case,  the  bone-beanng  depoati 
might  belong  to  the  pre-Glacial  or  to  any  younger  stage  ;  while  if  tlie 
latter  supposition  should  find  confirmation  the  deposit  must  be  later 
than  the  glaciation. 

The  site  of  the  original  excavation  is  still  visible,  the  hollow  from 
which  the  'marl'  was  dug  being  now  a  reedy  pond.  The  new 
sections  consisted  of  four  pits  sunk  in  the  vicinity  of  the  pond. 

These  pits  were  roughly  from  two  to  four  yards  square,  and  were 
carried  down  until  the  Eeuper  Marl  was  reached  or  the  work  wai 
stopped  by  the  influx  of  water.  They  were  supplemented  by  sevenl 
boreholes  put  down  to  determine  the  extent  of  ihe  deposit. 

The  sections  revealed  in  the  pits  were  as  follows : — 

Section  1. 

OUXXovv  OOU  •••  •••  •••  ••■  •*•  •■•  ••• 

Sand,  with  small  pieces  of  angalar  cbalk  and  flint      

Gravel  of  rounded  chalk  and  subangular  flint 

Silty  blue-black  marl  or  loam,  the  upper  surface  very  irregular 
and  penetrated  by  '  pipes  *  and  pockets  of  gravel  from  the 

UvU   oluOvv  •••  •••  ••■  •••  •••  ■••  ••• 

Marl  as  above,  with  specks  of  vivianite  

^^U»v&  UlttA  X  •••        •■•        •••        •••        •••        •••        ••• 

lifi^hter-coloured  marl,  passing  downwards  into  gravel  (chiefly 

UAUv9  J   •••       •••       •••       •••       ••*       ••■       •••       ••• 
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Section  3. 
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m«iri*pit           ...         ...         ...         «.«          .•         *..         ...  L  o 


7    0 


Naiicea  of  Memoirs — FossUifevom  Deposits  at  Kirtnington.     473 

From  the  black  muds  or  marls  which  occurred  below  the  superficial 
grarels  in  these  pits  the  following  fossils  were  obtained : — 

Banes. — For    the    following    determination    we   are    indebted    to 

Dr.   C.   W.   Andrews,   F.R.S.,    of    the    British    Museum    (Natural 

History),  South  Kensington. 

Mammalian  Remains. 
Cervut  sp. 

Bo9  sp.  (tiro  vertebra)). 

Bo9  sp.  (smaller  than  longifrons  or  primigeniui), 
Bo9  primigenint, 
Elephiu  (rib  and  left  scapala). 

The  bones  were  not  confined  to  any  particular  layer,  but  were  dis- 
tributed sporadically  throughout  the  mass  of  the^marl.  The  overlying 
gravels,  however,  contained  neither  bones  nor  other  vestige  of  con- 
temporaneous life,  possibly  because  of  their  removal  by  percolating 
water. 

Shells. — The  molluscan  remains  distributed  through  the  marl  belong 
to  existing  land  and  fresh -water  species,  many  of  which  are  still  living 
in  the  neighbourhood.  They  are  all  species  of  wide  range,  and  afford 
no  definite  indications  as  to  climate.  These  species,  kindly  determined 
for  the  Committee  by  Mr.  J.  W.  Taylor,  of  Leeds,  are  as  follows  : — 

Mollvsca. 

Zimnaa  peregra,  Coehlieopa  Inhrica, 

,,      paluttrii.  Caiyehinm  minimum. 

,,       truneatula,  Fiaidium  amnieitm, 
Suecineaputrii.  ,,       pugtVum, 

„        elegam.  ,,        nitidum. 

Hyalinia  nitidula,  ,,        milium. 

ZoniUt  fulvti*.  ,,        ohtunalf. 

Helix  ttemoi'alis.  Bythinia  tentaculata. 

„     hupida^  yar.  eoneinna.  Valvata  cr%»tata. 

,,    pygmaa.  Flanorbis  itpirorbi*. 
,,    pu/ehella,  „        contortu$. 

Vertigo  antivertigo.  ,,        glaber. 

,,      pygmaa.  ,,        marginatun. 

Plants. — The  material  also  contained  plant  remains,  but  was  difficult 
to  wash  and  sift.  Some  small  seeds  were,  however,  picked  out  by 
Mr.  Stainforth,  and  were  submitted  to  Mr.  Clement  lleid,  F.R.S.,  for 
determination,  who  recognised  the  following : — 

Seeds  of  Plants. 
Ranuneului  $el*ratu$,  Bumex. 

„  repena.  Sparganium  erectum^ 

Viola  ep.  Carex, 

(Enantke  aquatica^  Poir.  Alisma  planiago. 

With  regard  to  the  above  list  Mr.  Reid  remarks:  *'If  these  were 
all  that  were  found  at  Bielsbeck,  they  are  an  exceptionally  poor  set, 
which  shows  nothing  as  to  climatic  conditions."  **  There  are  only  one 
or  two  seeds  of  meadow  plants  among  them,  and  no  dry-soil  plants." 

Insects. — Besides  the  above  the  deposit  contains  the  remains  of 
beetles,  but  much  of  the  material  has  not  yet  been  specifically 
•determined.     The  following  may  be  mentioned  : — 

COLEOPTERA. 

Donaeia  (sp.  ?)  (an  almost  complete  specimen). 
Mitter  (sp.  ?)  (elytron). 
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Further  Notes  on  the  Deposits. — The  Bielsbeck  bone-bearing  deposits 
apparently  occupy  a  depression  or  hollow  in  the  Keuper  Marl  of  unde- 
termined width,  and  it  appears  as  though  this  hollow  is  isolated  and 
inclosed  by  the  marl,  though  it  is  just  possible  that  it  may  represent 
a  poition  of  a  fiUed-in  valley  or  trench,  the  direction  of  which  has  not 
been  traced. 

Scattered  through  the  marl  at  various  depths  were  angular  or 
slightly  rounded  black  flints  in  large  numbers,  and  these  in  some  cases 
formed  a  definite  layer.  Along  with  the  flints  were  occasional  pebbles 
of  quartz  and  of  sandstone  (probably  Carboniferous).  None  of  these 
pebbles  showed  striee  or  other  indication  of  glacial  action. 

The  overlying  gravel  was  mainly  composed  of  flint  and  chalk  from 
the  neighbouring  Wolds,  along  with  scattered  fragments  of  quartz, 
sandstone,  etc.  (like  those  found  in  the  underlying  marl),  and  GryfhM 
and  other  fossils  from  the  Lias.  This  gravel  is  the  feather-edge  of 
a  wide  fan  which  can  be  traced  up  to  the  mouth  of  a  valley  that 
drains  from  the  Wolds  at  Market  Weigh  ton.  In  the  thicker  parts  of 
this  gravel,  towards  the  mouth  of  the  valley,  other  pebbles  besides  the 
above  have  been  detected,  including  the  well-known  porphyrite  which 
is  characteristic  of  the  upper  part  of  the  East  Yorkshire  drifts.  The 
wide  extent  and  depth  of  this  gravel  suggests  that  it  has  been  spread 
out  by  floods  from  the  melting  ice,  when  the  ice-margin  abutted  upon 
the  eastern  slopes  of  the  Wolds.  The  present  valley  appears  to  be  too 
short  to  supply  a  stream  powerful  enough  to  spread  a  dieet  of  giuTel 
of  these  dimensions. 

The  thanks  of  the  Committee  are  due  to  W.  H.  Fox,  Esq.,  for  per- 
mission to  excavate ;  to  the  tenant,  Mr.  Howes ;  to  Mr.  W.  H.  Crofts ; 
and  to  the  contractor,  Mr.  Thomas  Moate. 

The  Committee  had  contemplated  work  on  another  site  in  East 
Yorkshire,  but  have  found  difficulty  in  obtaining  the  requisite  per- 
mission. Pending  a  final  settlement  of  this  matter,  they  ask  for 
reappointment,  with  power  to  use  the  unexpended  balance  of  their 
grant. 


I^  E  "V  I  E3  "T^ 


I. — Official  Contributioxs  to  the  PiXJEONTOLoor  of  South 
Australia.  By  R.  Etherldge  (Jun.^).  Records  op  Northers 
Territory  Boring  Operations.  Bv  H.  Y.  L.  Brown,  Govern- 
nient  Geologist.    Folio;  pp.  22,  with  12  plates.    (Adelaide,  1907.) 

IN  continuation  of  the  Northern  Territory  Report,  No.  17  deals 
^vith  Permo- Carboniferous  fossils  of  Cape  Dombey,  etc.  The 
only  specimens  capable  of  specific  determination  belong  to  Auhsf^^fi, 
viz.  A.  liaracoodeimH  (pi.  i,  figs.  1-5).  This  shows  internal  structure. 
No.  18.  Carboniferous  fossils  from  Fossil  Head,  ete.  A  con- 
siderable series,  including  Brachiopoda,  Pelecypoda,  Gasteropoda,  and 
Cephalopoda,  are  described  and  figured,  namely : — 

^  [Mr.  Etheridge  being  deceased,  Mr.  Robert  Etheridge  ceases  to  be  *  Jonior.' — 
Edit.  G.M.] 
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Bkachiopoda. 
Spiri/era  MusakhefletuU,  DaTidson. 
OrthoteUs  Ferjidiabad9n9%9,  £th.,n>.  dot. 
Strophalotia,  sp.  indet.,  cf.  8,  Juketii, 

£th. 
ChoNeteSf    sp.  indet.,    cf.    C.  Frattii, 

Dayidfl. 

Lamxllibraxchiata. 

Avieulopeeteni^Hardmani^  Eth.  iil. 
A.  UnMicolliSf  Dtaui. 
Fteronitet? 
Meritmopteria  ? 


Nuettlana  Boiedowi^  £th.,  sp.  noT. 
-y.  Waterhoitsei,  Eth.  fil.  (var.). 
Orioerauatella    Stokesi,    Eth.,   gen.   et 
sp.  noY. 

Gastkkopoda. 
Ftychomphalina  humilit,  de  Kon.,  sp. 
Bellerophon  eoitatus,  J.  de  C.  Sby. 
BellerophoH,\aT.pemtatu8f  Eth.,  var.  no  v. 
Bucania  EtMrii^  Eth.,  sp.  dot. 

Cephalopoda. 
Fleuronautilus  (P)    muUicoMtatttt,    Eth., 
sp.  noY. 


^o.  19.  Fossils  from  the  Port  Keats  bore,  thirty  miles  north  of 
Fossil  Head.  After  passing  through  what  may  be  Mesozoic  beds, 
fossils  of  Permo-Carboniferous  or  Carboniferous  age  were  obtained, 
including  two  Foraminifera,  several  species  of  Polyzoa,  a  coral 
(Dyhowakiella),  a  Brachiopod  {Chonet^s)^  and  leaves  of  Oloaaopf^rit ; 
the  more  important  are  described  and  figured.     They  comprise : — 


FoRAMIlflFEKA. 

Nubseularia  Steph4nti,  Howchin. 
Comuipira  involventy  Hea8s(Pj. 

ACTXNOZOA. 

DyhowkiiUa  Oeei,  Eth.,  sp.  noT. 


POLTZOA. 

Romipora  sp. 

Jihombopora  Hindiiy  Eth.,  sp.  noY. 

Streblotrypa  Browui,  Eth.,  sp.  noY. 


Nos.  20,  21,  and  22  deal  with  Cretaceous  fossils  from  three 
localities,  two  of  which  are  near  Port  Darwin.  Plates  are  devoted 
to  Aneylocerat,  etc.,  though  the  genus  is  queried,  and  to  Ammonites 
Rhotomagensiiy  which  Mr.  Etheridge  says  more  resembles  the  British 
Chalk  form  than  it  does  that  from  the  Ootatoor  group  of  Southern 
India.  The  species  previously  described  from  the  Point  Charles 
deposit  (No.  20)  and  also  obtained  by  Mr.  H.  Y.  L.  Brown  and  his 
party  comprise : — Aueella  incurva,  Eth.  fil. ;  Nucula  sejugata^  Eth. 
Ml. ;  Desmoceras  carolensisy  Eth.  fil. ;  Histrickoceras  antipodeus,  Eth. 
fil. ;  Scaphites  cruei/ormis,  Eth.  fil. ;  Crioceras  (?)  sp. ;  Samites  (?)  sp. ; 
Ancyloeeras  (?) ;  Belemnites  sp. 

From  No.  21,  Shoal  Bay,  several  of  the  same  species  of  Cretaceous 
fossils  were  obtained,  and  in  addition  a  specimen  referred  to  the  genus 
Baculites  under  the  name  of  Baculites  Williamsoni,  Eth.,  sp.  nov. 

At  locality  No.  22,  Maclear  Creek,  Capo  Gambier,  Melville  Island, 
the  common  form  Inoc&ramus  Mheridgei  was  obtained,  and  an 
Ammonite  (like  our  British  form)  named  Metacanthoplites  Rhoto- 
magensis,  Brongn. 

Plates  iii  and  iv.  Typical  blocks  of  groups  of  Aviculopecten 
Hardmani  have  been  prepared  by  process  from  excellent  photographs 
by  H.  Barnes,-  jun.  The  other  ten  plates  are  drawn  by  Frank  R. 
Leggatt,  and  are  very  good  so  far  as  the  specimens  (many  of  which 
are  very  fragmentary)  permit. 

We  are  greatly  indebted  to  Mr.  Robert  Etheridge  in  this,  as  in  his 
many  earlier  memoirs,  in  which  he  has  so  largely  contributed  to  our 
knowledge  of  the  palaeontology  of  the  older  rocks  on  the  Australian 
Continent. 
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II. — Geological  Survey  or  Scotland. 
The  Geology  of  Islay.  By  S.  B.  Wilkiksok^;  with  notes  by 
J.  J.  H.  Teall,  F.R.S.,  and  B.  N.  Peach,  F.R  S.  Memoirs  of  the 
Geological  Survey,  pp.  vii,  82,  with  6  figures  and  8  plate*. 
1907.  Price  2«.  6rf. 
rpHE  island  of  Islay  is  of  the  first  importance  in  the  interpretation 
•  1  of  the  geology  of  a  large  part  of  the  Highlands  of  Scotland. 
The  Lewisian  and  Torridonian  rocks  of  the  west  coast  there  come  into 
juxtaposition  with  the  Central  Highland  schists.  The  one  series 
extends  northwards  to  Cape  Wrath,  the  other  stretches  through 
Argyllshire  and  Perthshire  to  the  shores  of  the  Moray  Firth.  In 
Islay  they  meet,  as  they  do  in  no  other  part  of  Scotland.  The 
geology  is  complicated  hy  the  presence  of  another  group  of  rocks 
which  may  he  Cambrian.  Only  the  Moine  Schists  and  the  grits  and  8lat« 
of  the  southern  border  of  the  Highlands  (with  the  Loch  Tay  limestone) 
are  wanting  to  make  Islay  a  complete  epitome  of  Highland  geology. 
For  these  reasons  we  turn  to  this  memoir  with  much  curiosity  to 
know  the  results  of  the  most  recent  work  in  this  quarter. 

The  structure  of  the  island  is  sufficiently  simple  in  its  broad 
outlines.  On  the  west  there  are  Lewisian  and  Torridonian  rocks, 
both  in  their  typical  development.  The  Lewisian  is  penetrated  by 
many  sills  and  dykes  of  epidiorite.  Both  sets  of  rocks  hare  been 
locally  much  crushed.  On  the  east  side  of  Islay  we  have  the  Central 
Highland  schists  (Blair  Atholl  or  Islay  limestone,  black  schist,  and 
Ai-drishaig  phyllites)  with  a  group  of  quartzites,  dolomitic  shales,  etc. 
Between  those  two  formations  there  is  a  conglomerate,  the  Portaskaig 
conglomerate.  There  seems  to  be  no  doubt  that  the  quartzite  group 
rests  upon  the  limestone,  and  that  there  is  a  slight  unconformability 
at  the  junction. 

Nearly  through  the  middle  of  the  island  there  runs  a  great  north 
and  south  thrust -plane,  a  continuation  of  the  series  of  post-Cambrian 
thrusts  of  the  north-west  of  Scotland.  To  the  west  of  it  lie  the 
Lewisian  and  Torridonian,  to  the  east  the  Central  Highland  schists  and 
quartzite.  The  break  is  absolute.  The  two  sides  of  the  island  are 
entirely  unlike ;  only  the  epidiorite  sills  are  found  on  both  sides  of  the 
thrust  (if  we  except  the  Tertiary  dykes  and  later  rocks).  This  is 
a  great  disappointment,  for  it  means  that  Islay  gives  no  direct  clue  to 
the  time-relationships  of  the  two  sets  of  rocks  which  form  its  opposite 
sides.  The  interest  centres,  accordingly,  in  the  north-east  comer  of 
the  island,  where  the  quartzite  and  Central  Highland  schists  are 
folded  together  in  intricate  fashion. 

The  quartzite  group  of  Isluy,  resting  unconformably  on  the  Central 
Highland  schists,  possesses  many  features  which  give  it  a  strong 
resemblance  to  the  Cambrian  rocks  of  Sutherland.  The  lithological 
characters  and  apparent  succession  are  the  same ;  there  are  sandy 
dolomitic  shales,  with  worm -castings,  which  are  described  as  'fucoid 
beds.'  In  the  quartzite  there  are  several  kinds  of  worm-burrows 
which   are   strictly   comparable   with   those    found    in    the    Assynt 

'  [We  have  every  reason  to  believe  that  S.  B.  AVilkinson,  aboTe-named,  is  the 
same  as  B.  S.  N.  Wilkinson,  part  author  of  memoir  on  the  Geology  of  West  Gower, 
noticed  in  the  August  Number  of  the  Geol.  Mao.  Btbliographen  may,  howeTer, 
be?  puzzled.— Edit.] 
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quartzite.  Dr.  Peach  describes  these  as  '^  exactly  similar  to  those 
which  characterise  three  of  the  zones  into  which  the  upper  part  of  the 
Cambrian  quartzite  or  '  pipe  rock '  of  the  North- West  Highlands  has 
been  divided  by  the  Geological  Survey  "  (p.  44),  and  reading  between 
the  lines  one  can  see  how  strongly  he  has  been  impressed  with  the 
evidence.  Yet  these  rocks  are  nowhere  stated,  in  map  or  memoir,  to 
be  Cambrian.  Most  unfortunately  the  final  proof  is  lacking  i  careful 
search  in  the  dark  shales  of  the  north  of  Islay  has  failed  to  yield  any 
trace  of  the  fauna  of  the  Olenellus  zone  where  its  presence  might 
confidently  have  been  predicted. 

The  reasons  for  the  great  caution  with  which  this  subject  has  been 
handled  are  not  explicitly  stated  in  the  memoir  ;  we  are  left  to  gather 
them  for  ourselves.  If  the  Islay  quartzite  be  Cambrian  this  carries 
with  it  important  results  in  Highland  geology,  as  this  quartzite  extends 
into  Jura  and  Scaba.  By  means  of  its  boulder  beds  it  can  be  identified 
with  certain  quartzites  in  Argyllshire  and  with  the  quartzite  of 
Banffshire.  The  Cambrian  colours  would  sweep  into  the  mainland, 
reaching  right  across  Scotland.  The  Central  Highland  schists  would 
be  a  sub-Cambrian  formation,  not  always  certainly  separated  by  an 
unconformability  from  the  quartzite,  and  much  of  the  folding  and 
metamorphism  of  these  rocks  must  be  of  post-Cambrian  date.  This 
gives  us  pause,  and  we  can  sympathise  with  the  authors  in  hesitating 
to  found  generalizations  of  this  order  on  evidence  which  is  not  in  itseU" 
incontrovertible. 

The  memoir,  for  the  area  covered,  is  a  brief  one,  not  cumbered  with 
topographical  or  petrographical  details.  It  is  illustrated  with  some 
fine  photographic  views  and  contains  a  bibliography  of  Islay  geology. 
The  editorial  work  has  been  well  done,  and  the  contributions  by  the 
different  authors  are  skilfully  joined,  so  that  the  chapters  read 
smoothly  throughout.  The  book  gives  us  the  impression  of  minutely 
careful  work,  carried  out  in  a  spirit  of  judicial  impartiality  and 
described  with  clearness  and  reserve.  The  unsettled  problems  of  the 
geology  of  Islay  lose  none  of  their  fascination  from  the  treatment  they 
receive  in  the  memoir,  and  Islay  remains  one  of  the  most  beautiful 
and  perplexing  of  the  islands  of  Scotland. 


SOURCE  OF  AUSTRALIAN  ARTESIAN  WATERS. 
Sib, — In  your  September  issue  your  reviewer  mentions  incidentally 
Professor  Gregory's  views  on  the  source  of  Australian  artesian  waters. 
These  views  are  perhaps  best  illustrated  by  the  following  quotations. 
**  Most  of  the  water  is  an  old  accumulation,  some  of  which  may  have 
been  derived  by  percolation  from  meteoric  sources;  much  of  it  is 
probably  of  plutonic  origin ;  and  some  of  it  may  be  old  sea-water  from 
the  Cretaceous  beds**  (**  Australasia,"  pp.  104,  105).  **  It  is  there- 
fore possible  to  explain  the  occurrence  of  the  deep-water  supply 
in  Australia  independently  of  the  present  rainfall'*  (**The  Dead 
Heart  of  Australia,'*  p.  288).  I  have  elsewhere  in  your  columns 
(November,  1906)  shown  that  the  *  plutonic '  origin  or  *  juvenile' 
state  of  geyser  waters  is  far  from  being  established.     I  now  desire  to 
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show  as  briefly  as  possible,  from  ♦*  The  Dead  Heart  of  Australia"  itaelt 
that  much  of  the  data  ou  which  Professor  Gregory  relies,  and  to  which 
he  often  gives  the  value  of  established  facts,  is  pure  assumption. 
Professor  Gregory  assumes : — 

{a)  That  subterranean  waters  may  be  derived  entirely  from  cooling 
magmas,  and  that  the  steam  issuing  from  volcanoes  is  so  deriTed. 
(p.  286.> 

{b)  That  the  majority  of  important  ore-bodies  are  due  to  *  plutonic* 
or  magmatic  watero,  and  that,  as  there  are  numerous  ore-bodies  near 
the  Australian  artesian  strata,  there  is  consequently  an  abundance  of 
*  plutonic'  water  beneath,     (p.  287.) 

(c)  That,  notwithstanding  the  general  synclinal  arrangement  of  the 
artesian  strata  (so  far  as  they  are  known),  and  the  unlimited  motive 
force  presumably  inherent  in  *plutonic*  waters,  these  'plutonic'  water* 
would  be  retained  within  the  strata.  Mound  springs  and  hot  mud 
springs  certainly  do  occur,  but  their  yield  is  microscopic  compared 
with  the  hundreds  of  millions  of  gallons  the  artesian  beds  are  capable 
of  furnishing  daily.  Further,  it  is  assumed  that  there  is  a  complete 
analogy  between  the  retention  within  the  strata  of  the  Australian  hot 
artesian  waters  and  of  the  oil  and  gas  of  the  Caspian  and  Pennsylvanian 
districts,  despite  the  synclinal  arrangement  of  strata  in  the  former  case 
and  the  anticlinal  arrangement  in  the  latter,     (p.  287.) 

{(i)  That  flowing  wells  may  be  due  to  the  pressure  of  an  overlying 
sheet  of  impermeable  rock,  citing  in  illustration  a  tin  bottle  filled 
with  water,  the  mouth  closed  with  the  exception  of  a  pinhole,  and 
pressure  then  applied  to  the  side  (p.  289).  The  analogy  is  inexact, 
since  the  pressure  existed  before  the  water-beds  were  filled  with  the 
water  they  now  hold. 

{e)  That  the  calculations  for  rainfall,  surface  evaporation,  and 
percolation  in  the  neighbourhood  of  Lake  Eyre  and  in  Central 
Australia  are  applicable  to  a  water-bed  there  2000-3000  feet  below  the 
surface,  or  to  an  intake  area  far  away  in  Eastern  Australia,     (p.  325.) 

(/)  That  a  complete  analogy  exists  between  the  cold  waters  of  the 
quicksands  of  the  Kilsby  tunnel  near  Rugby  and  Australian  artesian 
waters  (p.  300),  yet  the  latter  have  gained  heat  and  hence  power. 

{(/)  That  the  disposition,  dip,  and  character  of  the  deep  water- 
bearing beds  are  so  well  known  as  to  preclude  the  possibility  of 
irregularities  in  bore  pressure  being  due  to  these  factors  (pp.  305  et 
seq.).  But,  for  example,  there  may  exist  at  no  great  depth  beneath 
the  surface  a  north-west  prolongation  of  the  Palseozoic  rocks  tiiat 
outcrop  west  of  Thargomindah.  Some  little  support  is  given  to  the 
supposition  by  the  shallowness  of  the  Tonko  bore,  only  250  feet  deep. 
An  anticlinal  an*angement  of  water-bearing  strata  on  such  a  granite 
ridge  would,  from  the  flood-waters  of  the  Barcoo  and  the  Diamantina, 
feed  both  a  Lake  Eyre  artesian  basin  and  the  great  central  Queensland 
basin.     The  geolofjy  of  the  region  is,  however,  unknown. 

{h)  That  the  salinity  of  the  unknown  beds  traversed  by  the  under- 
ground waters  is  practically  uniform,     (pp.  312-314.) 

(/)  That  there  are  known  and  well-established  criteria  of  *plutonic' 
waters  ;  that  *  mineral  waters  *  are  of  necessity  *  plutonic '  waters ; 
and  that  the  presence  of  alkaline  carbonates  in  waters  is  a  sufficient 
guarantee  of  their  *  plutonic  origin.'     (pp.  315,  316,  339.) 
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(it)  That  waters  heated  to  no  more  than  96®  to  139°  F.  arc,  by 
reason  of  their  temperature,  *  plutonic '  waters,     (p.  317.) 

(/)  The  impossibility  of  the  derivation  of  the  oil  or  gas  of,  say,  the 
^lice  Downs  well  from  intercalated  sedimentary  beds.     (p.  318.) 

(m)  That  tidal  wells  are  entirely  analogous  to  geysers,     (p.  328.) 

(n)  The  impossibility  of  water  percolating  from  overlying  sedi- 
mentaries  into  fissures  in  granite  (Oxton  Downs),     (p.  339.) 

(o)  That  **if  the  water  be  of  meteoric  origin,  it  must  continually 
be  enlarging  the  underground  fissures  '*  (p.  340),  and  this  despite  the 
weight  of  2000-4000  feet  of  strata  already  quoted  by  the  author 
(p.  289)  as  a  sufficient  cause  of  flowing  wells. 

Professor  Gregory  throughout  assumes — 

(p)  The  impossibility  of  meteoric  waters  descending  to  sufficient 
depths  to  gain  the  temperature  observed  ;  and 

{q)  The  impossibility  of  the  observed  gases  and  contained  solids 
being  derived  from  chemical  interaction  within  the  sedimentary  strata. 

Finally,  Professor  Gregory  loses  sight  of  the  great  facts  that  thousands 
of  square  miles  of  the  granite  through  which  his  *  plutonic '  water  is 
supposed  to  have  come  is  exposed  to  our  investigation,  and  that  the 
granite  is  presumably  now  in  exactly  the  same  condition  as  during 
die  Tertiary  period,  when  his  waters  were  accumulating.  While 
the  fissures  in  the  upper  500  feet  of  this  granite  contain  water,  as  in 
the  Queensland  and  Westralian  minin*;  fields  and  in  the  numerous 
bores  near  Camooweal,  yet  whenever  great  depths  are  reached,  as  the 
2,600  feet  at  Charters  Towers,  with  lesser  depths  on  other  Queensland 
fields,  and  the  2,000  feet  of  the  Coolgardie  bore  and  the  Kalgoorlio 
mines,  the  granites  and  older  rocks  are  dry.  But  Professor  Gregory's 
theory  demands,  in  view  of  the  daily  yield  of  450,000,000  gallons, 
a  widespread  present  distribution  in  the  granite  of  fissures  filled  with 
hot  water  and  extending  to  great  depths. 

With  the  foregoing  protest  against  the  elevation  of  pure  assumption 
to  the  commanding  position  of  ascertained  fact  I  am  content  to  leave 
the  full  discussion  of  the  subject  to  the  capable  pens  of  my  former 
colleagues  in  Australia,  who  have  had  a  wider  personal  knowledge  of 
the  artesian  area  than  I  possess.  Malcolm  Maclarex. 


NOMENCLATURE   OF   AUSTK.VLIAN  SILURIAN   OPHIUKIDS. 

SiK, — A  few  points  in  Dr.  Bather's  article  **  Australian  Palajonto- 
logists  on  Silurian  Ophiurids "  call  for  further  comment.  Taking 
Dr.  Bather's  remarks  seriatim,  it  would  appear  that  I  had  flagrantly 
transgressed  certain  established  rules  of  nomenclature,  since  he  says 
that  I  seem  "for  the  moment  to  have  forgotten  the  perfectly  definite 
and,  one  had  thought,  universally  accepted  rule  of  nomenclature, 
according  to  which  the  genus  must  follow  its  genotype.  In  other 
words,  SturHura  must  become  a  simple  synonym  of  I'rotaiter^  In 
changing  the  genotype,  reference  was  made  to  the  Stricklundian  Code 
of  Kules  of  Zoological  Nomenclature  (which  forms  the  basis  of  the 
several  later  codes),  where,  in  paragraph  5,  it  says:  **When  the 
evidence  as  to  the  original  type  is  not  perfectly  clear  and  indisputable, 
then  the  first  person  who  subdivides  the  genus  may  affix  the  original 


480  Correspondence — Dr.  F,  L.  Kitchin. 

name  to  any  portion  of  it  at  his  discretion,"  etc.  In  the  present 
instance,  however,  Professor  Gregory  did  select  the  genotype,  hut  had 
the  conception  that  the  arm-structure  was  similar  to  the  accompanying 
form,  lepto80ttM,  Since,  therefore,  the  genotype  was  selected  in  error, 
it  is  necessary  to  follow  an  unwritten,  but  nevertheless,  patent  rule,  re-' 
forming  the  genus  thus  broken  up,  and  instituting  the  only  remaining 
form — regarded  as  congeneric,  be  it  remembered,  by  Gregory— as  the 
valid  claimant.  The  Stricklandian  rule  quoted  above  should  afford 
sufficient  authority  and  reason  for  such  procedure,  otherwise  rules  of 
nomenclature,  made  with  the  best  intent,  may  easily  prove  a 
stumbling-block  to  scientific  progress,  and  a  cause  of  confusion, 
instead  of  a  simplifying  of  scientific  terminology. 

In  the  interpretation  of  the  lateral  ossicles  in  the  two  species  of 
Siurtzura,  it  may  be  more  convenient  to  regard  the  curved,  fusiform 
ossicles  as  an  intermediate  series — derived  from  a  boot-shaped  amhu- 
lacral,  but  now  perfectly  distinct — and  to  still  refer  to  the  spine- 
bearing  plate,  as  Dr.  Bather  suggests,  as  the  adambulacrals.  In  fact, 
there  seems  a  transitional  tendency  shown  in  these  forms,  from  the 
typical  Protasterid  towards  a  Lapworthurid,  especially  as  there  is  some 
indication  of  the  ventral  arm-ossicles  tending  to  become  parallel  on  the 
distal  and  proximal  mfu-gins. 

Dr.  Bather's  suggestion  that  Sturtnura  can  lapse  and  be  resuscitated 
under  a  fresh  diagnosis  witl)  S,  hruingoideB  and  another  species  is 
surely  untenable?  As  the  original  genotype  is  now  shown  to  be  a  form 
of  JProtaster,  this  action  would  be  condemned  by  the  rule  adopted  hy 
many  zoologists  of  **  once  a  synonym  always  a  synonym  "  as  applying 
to  generic  terms. 

The  last  paragraph  of  Dr.  Bather's  excellent  and  suggestive  review 
needs  no  comment,  for  no  one  responsible  for  museum  arrangement 
would  seriously  entertain  the  idea  of  translating  into  free  English 
every  scientific  term  on  the  exhibited  labels. 

F.  Chapman. 

National  Museum,  Melbourne. 
August  2Ut,  1907. 


A  CORRECTION. 

Sir, — In  my  paper  **  Notes  on  the  Invertebrate  Fauna  of  the 
Uitenhage  Series  in  Cape  Colony,"  published  in  the  present  volume  of 
the  Geological  Magazine,  July  number,  pp.  289-295,  an  inaccurate 
statement  was  inadvertently  allowed  to  pass  into  print.  With 
reference  to  an  assemblage  of  fossils  mentioned  on  p.  290,  the 
following  sentence  occurs,  commencing  on  line  21  from  the  top  of 
the  page:  **  All  these,  so  far  as  we  know,  are  confined  elsewhere  to 
the  Cretaceous  rocks  .  .  .  ."  This  statement  should  not,  of 
course,  refer  to  the  genus  Solecurtus,  and  the  sentence  should  read  as 
follows:  **All  these,  with  the  exception  of  Soiecurtus,  are,  so  far  as 
we  know,  confined  elsewhere  to  the  Cretaceous  rocks  .  .  .  ." 
I  hope  you  will  be  able  to  give  publicity  to  the  correction. of  this 
oversight.  F.  L.  SIitchin. 
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I. — ^NoTBS  ON  F088IL  Flakts   from   South   Afbica. 

By  A.  G.  Skwasd,  F.B.S.,  Professor  of  Botany,  Cambridge. 
(PLATES  XX  AND  XXI.) 

rB  speoimens  described  in  these  notes  form  part  of  a  collection 
sent  to  me  for  examination  from  the  South  African  Museum, 
Cape  Town ;  they  include  the  following  species : — 

JPhyllotheea    Wha%t9%^    sp.    nov.     TJitenhage    Series^    (Wealden). 

PL  XX,  Fig.  1. 
OsfmmdiUs  KolM,  sp.  nov.    TJitenhage  Series  (Wealden).    Pis.  XX, 

XXI,  Figs.  2-5. 
OlouoptertM  indiea,  Schimp.  =  Muhidgea  Maekayi,  Tate.    Permo* 

Carboniferous. 
Zepidodendron  aitdrale,  M'Coy.    Lower  Karroo  (?  Lower  Carboni- 

ferous).    PI.  XXI,  Figs.  6-8. 
Bueklandia  sp.,  ct.  B.  anamala,  Carr.    TJitenhage  Series.    PI.  XXI, 

Fig.  9. 

PhyUotheea  WhaiUi,  sp.  nov.     (PI.  XX,  Fig.  1.) 

The  specimen  represented  in  Fig.  1  was  found  by  Mr.  J.  A.  Whaits 
at  Prince  Albert  in  shale  lying  between  the  Witteberg  Series  and  the 
Dwyka  conglomerate  :  it  consists  of  a  single  whorl  of  leaves  of  which 
the  longest  has  a  length  of  4*5  cm.  and  a  breadth  of  3  mm.  The  linear 
segments  converge  towards  a  narrow  axis  about  5  mm.  in  diameter ; 
they  show  faint  indications  of  a  midrib  and  have  acuminate,  apices. 

In  spite  of  the  fact  that  Fig.  1  represents  the  only  example  so  far 
discovered  I  propose,  for  the  sake  of  convenience,  to  describe  it  under 
a  new  name,  thus  placing  on  record  Mr.  Whaits*s  contribution  to  our 
knowledge  of  a  flora  the  discovery  of  additional  records  of  which 
would  be  of  exceptional  interest.  It  must,  however,  be  admitted  that 
the  specimen  for  which  the  generic  title  PhyUotheea  is  chosen  hardly 
affords  satisfactory  evidence  as  to  its  affinity. 

• 

1  For  an  account  of  tbe  TJitenhage  flora  see  Annals  South  African  Museum, 
vol.  iv,  1903. 
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Osmundiies  Kolbei,  sp.  nov.     (PL  XX,  Figs.  2-4  ;  PL  XXI, 

Figs.  5a-d.) 

The  material  on.  which  this  species  is  founded  was  obtained  from  the 
Uitenhage  Series  at  Herbertsdsde  in  Cape  Colony  and  presented  to  the 
South  African  Museum  by  Mr.  Kolbe.  It  consists  of  several  pieces  of 
what  appears  to  have  been  a  large  stem  reaching  a  length  of  aboat 
90  cm.  The  outline  drawing  reproduced  in  Fig.  2  from  a  photograph 
sent  to  me  from  the  Museum  by  Miss  Wilman.  shows  the  curious  shape 
of  the  fossil,  tapering  to  a  blunt  point  at  one  end  and  flatter  and 
broader  at  the  other ;  Figs.  3  and  4  illustrate  the  surface  features  as 
seen  on  portions  of  the  weathered  stem.  The  smaller  piece  (Fig.  3) 
represents  the  narrow  end  of  the  specimen  (x,  Fig.  2) ;  the  side  seen 
in  the  photograph  shows  the  remains  of  petioles,  and  on  the  rererse 
side  numerous  sinuous  roots  occur  in  association  with  the  bases  of 
leaf-stalks.  The  roots  are  approximately  circular  in  section,  the 
portion  preserved  being  the  resistant  sclerenchymatous  sheath  which 
surrounded  the  central  cylinder.  Fig.  4  shows  a  larger  portion  (33  cm. 
long)  of  the  stem  represented  in  outline  in  Fig.  2  ;  the  section  of  the 
broader  end,  which  is  considerably  flattened,  measures  20  by  6  cm. : 
at  e  there  is  a  well-marked  depression  towards  which  the  petioles 
converge  and  gradually  become  smaller  in  diameter,  saggestmg  the 
position  of  a  branch  apex.  On  the  weathered  sor&oe  of  the  lHotk 
shown  in  Fig.  4  petiole-bases  are  seen  at  various  angles  and  differing 
therefore  in  outline :  a  petiole  section  exposed  at  0,  Fig.  4,  and  enlarged 
in  Fig.  5a,  displays  the  vascular  strand  of  the  main  axis  of  the  frond 
as  a  broad  U  with  the  free  ends  curved  inwards ;  the  ridge  forming  the 
outer  boundary  of  the  petiole  no  doubt  owes  its  prominenoe  to  a  band 
of  sclercnchyma  which  formed  a  protective  and  strengthening  covering 
to  the  leaf-stalk.  The  form  of  the  vascular  strand  of  a  smaller  and 
presumably  younger  leaf  is  shown  in  Fig.  5h,  and  Fig.  5c  represents 
a  partially  crushed  petiole  (enlarged  3  times)  with  a  flattened 
U-shaped  vascular  strand.  The  petioles  exposed  at  h,  Fig.  4,  are  seen 
more  clearly  in  Fig.  5d,  There  is  a  close  resemblance  between  this 
specimen,  as  regards  the  structure  of  the  petiole-bases,  and  Osmunditft 
Ihwksrif  Carr.,  from  the  Lower  Eocene  of  Heme  Bay.* 

The  material  on  which  the  above  description  is  based  is  now  in  the 
hands  of  my  friend  Mr.  Kidston,  to  whom  it  was  sent  in  the  hope  that 
the  new  species  might  be  more  fully  described  in  the  monograph  on 
Fossil  Osmundaceoe  on  which  he  is  engaged  in  collaboration  with 
Mr.  Gwynne-Vaughan.*  Mr.  Eidston  teUs  me  that  a  preliminary 
examination  of  sections  has  revealed  the  presence  of  tissues  in  a  fairly 
good  state  of  preservation  and  conflrmed  the  identification  of  the  stem 
as  a  species  of  Osmundiies, 

In  its  dimensions  and  in  the  branching  indicated  in  Fig.  4  the  fossil 
stem  resembles  that  of  the  recent  species  Todea  harharti^  Hook.,*  an 
Osmundaceous  fern  which  occurs  in  South  Africa,  Fast  Australia,  and 

^  Cjirruthere :  Quart.  Jouiii.  Geol.  Soc,  vol.  xivi  (1870),  p.  349,  pi.  xxir. 
'  The  first  part  of  this  work  was  published  a  few  months  ago  by  the  Royal  Society 
of  Edinburgh  in  vol.  xlv  of  the  Transactions. 

'  Seward  &  Ford:  Trans.  Linn.  Soc,  1904,  p.  173. 
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the  North  Island  of  New  Zealand.  The  similarity  extends  to  the 
form  and  arrangement  of  the  petioles  and  their  vascular  strands.  It 
is  noteworthy  that  with  the  stem  were  found  imperfectly  preserved 
impressions  of  CladophUhU  d&ntieulaia  (Brongn.)  and  C,  JBroumiana 
(Dnnk.).  I  have  elsewhere  suggested  that  C.  dentieulata^  is  most 
prohably  Osmundaoeous,  and  others '  have  expressed  the  same  opinion* 
Though  we  have  as  yet  no  satisfactory  proof  of  the  correctness  of  this 
view  it  receives  some  support  from  the  discovery  of  the  stem  which  it 
is  proposed  to  name  Osmtrndites  Kolhei,  It  is  interesting  to  find  that 
a  petnfied  Osmundaceous  stem  recently  described  by  Messrs.  Kidston 
and  Gwynne-Yanghan  as  OtmundiUi  Dunlopi '  from  Jurassic  beds  in 
the  Otago  district,  New  Zealand,  was  also  found  in  association  with 
impressions  of  CladophUhu  dentktdata* 

^^  Eulidgea  Maekayi^^  Tate  [^GlosaopUris  tndiea,  Schimp.]. 

In  Tate's  paper  '^  On  some  Secondary  Fossils  from  South  Africa" 
the  following  passage  occurs: — '*  With  the  above-mentioned  specimens 
[i.e.  Olasiopterit  Brawniana,  Brongn.]  from  Bloemkop  are  some  of  an 
apparentlv,  at  first  sight,  second  species  of  Qlossopteris ;  these  do  not 
nuiibit  mictification.  Dr.  Rubidge  has,  however,  communicated 
a  drawing  fby  Mr.  M'Eay)  of  a  specimen  of  this  species  obtained 
by  Mr.  M'Kay  from  East  London,  and  I  find  that  it  presente 
ehaiacters  generically  distinct  from  those  of  Olossopteru;  for  the 
position  of  the  fructification  is  indicated  by  a  few  large  elevated 
regions,  arising  from  many  veins,  and  somewhat  regularly  arranged 
in  a  row  coincident  with  the  margin,  and  not  by  numerous  spots, 
small  in  size,  supported  by  one  vein,  distributed  over  much  of  the 
snrface  of  the  frond."  * 

The  original  drawing  of  the  type-specimen  of  Rubidgea  Mackayt^ 
reproduced  in  Tate*s  paper,  is  in  the  Museum  of  the  Geological  Society 
of  London,  but  the  actual  specimen  is  not  in  the  collection.  The 
portion  of  leaf  shown  in  the  figure  closely  resembles  a  Ohaopterit 
mmd,  except  in  the  absence  of  lateral  anastomoses  between  the 
secondary  veins;  as  Mr.  Arber'  points  out,  it  is  impossible  to 
determine  the  plant  accurately  without  seeing  the  original  specimen. 

The  plants  sent  to  me  nrom  the  South  African  Museum  for 
examination  include  a  few  impressions  collected  by  M'Kay  from  East 
London  and  labelled  by  him.  On  one  specimen  is  written — **  A  new 
species  of  fern  named  after  Dr.  Rubidge  from  Q.  M'Kay,  East 
London."  This  is  an  imperfect  impression,  10  cm.  long,  on  black 
shale  of  a  fairly  broad  le£^  possessing  a  distinct  midrib,  f^m  which 
numerous  secondary  veins  are  given  oS  obliquely ;  lateral  anastomoses 
are  frequent  and  in  some  parts  of  the  fossil  clearly  marked.  In  size 
and  in  the  course  of  the  veins  the  specimen  agrees  with  the  drawing 
of  Rubidgea  Mackayi  reproduced  by  Tate.  The  supposed  fructification 
cannot  be  recognised,  but  there  are  occasional  prominences  on  the 

»  lUd,,  p.  263. 

'  Bacibonki,  **  Flora  Kopalna"  :  Famietnika  Akad.  UmiejetiKMei,  1894. 

'  Trans.  Roy.  See.  Edinburgh,  vol.  ilv,  pt.  3  (1907),  p.  760. 

*  Tate :  Quart.  Joum.  Geol.  Soc.,  vol.  xxiii  (1867),  p.  141,  pi.  v,  flg.  8. 

*  Catalogue  of  the  Fossil  Plants  of  the  Gkaaqpteria  Flora,  1905,  p.  54. 
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surface  of  the  shale  which  hear  a  remote  resemhlance  to  those  shown 
in  the  drawing.  It  is  possihle  that  the  drawing  was  not  intended  for 
an  accurate  copy  of  the  fossil ;  it  is  not  improhahle,  however,  that  the 
specimen  may  he  the  original  of  a  sketch  in  which  imperfections  were 
partially  restored  and  ohscure  features  freely  interpreted.  Another 
specimen  collected  hy  M'Kay  and  hearing  his  lahel  shows  some  oval 
and  slightly  raised  areas  which  hear  a  closer  resemhlance  to  those 
represented  in  the  drawing.  It  is  hardly  necessary  to  add,  the 
supposed  soral  impressions  have  nothing  to  do  with  reprodnctiTe 
structures. 

The  two  specimens  referred  to  (Nos.  19  and  16  in  the  South  African 
Museum)  are  imperfectly  preserved  impressions  of  Olossopteris  leaves, 
and  I  have  no  hesitation  in  identifying  Rubidgea  Ifaekayi,  Tate,  with 
Olossopteris  indica,  Schimp. 

Lepidodendron  austrah,  WGoj,     (PL  XXI,  Figs.  6-8.) 

The  impression  of  which  an  outline  sketch  is  reproduced  natural 
size  in  Fig.  6  was  found  in  hlack  shale  hrought  up  from  a  depth  of 
344  feet  in  sinking  a  here  at  Elandsdraai,  near  Orange  Eiver  station. 
The  specimen  was  presented  hy  Mr.  F.  B.  Parkinson  to  the  South 
African  Museum.  Mr.  Du  Toit,  of  the  Geological  Survey  of  Cape 
Colony,  who  is  familiar  with  the  locality,  regards  the  shale  as 
undouhtedly  a  member  of  the  Dwyka  Series  (Lower  Karroo).  The 
polygonal  areas  of  which  the  impression  consists  are  approximately 
8-9  mm.  long  and  7-8  mm.  broad  at  the  widest  part ;  they  are 
arranged  in  regular  series.  A  short  distance  below  iiie  apex  of  each 
area  there  is  a  more  or  less  circular  prominence,  showing  in  some  cases 
a  central  depression  as  in  Fig.  7.  On  some  of  the  areas  shown  in 
Fig.  6  there  are  indications  of  a  groove  extending  from  the  raised  scar 
to  the  pointed  base,  as  at  y,  y. 

An  examination  under  a  low  magnifying  power  of  the  thin  layer 
of  graphite  which  covers  the  greater  part  of  the  fossil  reveals  the 
existence  of  the  outlines  of  parenchymatous  cells  arranged  in  fairly 
regular  rows  converging  upwards  from  the  base  and  sides  of  the  area 
towards  the  raised  scar.  The  cells  in  the  region  above  the  scar  do 
not  exhibit  the  same  regularity  of  arrangement  as  in  the  lower  two- 
thirds  of  the  field.  The  general  appearance  presented  by  the  cell- 
impressions  is  seen  in  a  slightly  diagrammatic  form  in  Fig.  7,  and 
a  few  of  the  cell- outlines  are  shown  as  a  camera-lucida  drawing  in 
Fig.  8.  In  examining  the  graphitic  layer  I  made  use  of  a  meUiod 
recently  described  by  Professor  Nathorst  * ;  a  few  drops  of  collodium 
were  placed  on  the  surface  of  the  fossil,  and  after  a  short  interval  the 
film  was  removed  and  mounted  on  a  slide.  The  addition  of  a  stain 
facilitated  the  microscopic  examination  and  the  drawing  of  the 
collodium  film. 

The  impression  is  probably  that  of  a  stem  of  the  type  known  as 
Lepidodendron  australe,  M'Coy,  or  Lepidodendron  notkum,  XJng.,  of 
some  authors.  The  cell-outlines  on  the  surface  of  the  polygonal  areas 
may  be  those  of  the  epidermal  layer,  but  they  were  more  probably 

*  Arkiv  for  Botanik  (K.  Sveusk.  Vetenskaps  Akad.  Stockholm),  vol.  Tii,  No.  4, 
1907;  also  Geoi.  Foren.  Ftirhaudl.,  vol.  ixix,  Haft  4  (1907),  p.  221. 


frofeMOT  A.  O.  Seicard-^Fo^il  Plants  fr<m  South  Africa^    486 

folmed  by  a  subepidermal  tissue  ;  the  scar,  which  interrupts  the  con- 
tinuity of  the  flat  surface,  may  mark  the  position  of  a  leaf-base,  or, 
assuming  a  partial  decortication  to  have  occurred  prior  to  fossilisation, 
the  scar  may  represent  a  gap  in  the  cortical  tissue  caused  by  the  decay 
of  delicate  tissue  surrounding  the  vascular  bundle  of  each  leaf  in  its 
course  through  the  cortex  of  the  stem.  Gaps  of  this  nature  are 
characteristic  features  in  tangential  longitudinal  sections  through  the 
outer  cortex  of  petrified  Lepidodendron  stems  from  the  English  Coal- 
measures.  The  indication  of  grooves  seen  on  some  of  the  areas 
(Fig.  6,  y,  y.)  may  mark  the  course  of  the  vascular  bundles  passing 
inwards  and  downwards  through  the  cortex.  If  the  impression 
(Fig.  6)  were  that  of  the  actual  surface  of  a  Lepidodendron  or 
a  Sigillaria  stem  we  should  expect  to  find  traces  of  the  parichnos 
(a  strand  of  tissue  which  accompanies  the  leaf-bundle  of  these  plants 
and  forks  into  two  arms  just  below  the  base  of  a  leaf)  appearing  on 
the  leaf-scar  as  two  small  scars,  one  on  each  side  of  the  scar  of  the 
leaf-bundle.  In  the  specimens  from  Yereeniging  described  in  1897  ^ 
as  Sigillaria  JBrardi,  which  bear  a  superficial  resemblance  to  the 
Elandsdraai  fossil,  the  parichnos  is  clearly  shown.  On  the  other 
hand,  an  impression  of  a  partially"  decorticated  Lepidodendroid  stem 
need  not  necessarily  show  the  panchnos  as  a  distinct  feature  :  owing 
to  its  close  association  with  the  leaf-trace  in  the  outer  cortex,  before 
its  separation  in  the  form  of  two  diverging  arms,  it  would  not  appear 
as  a  distinct  gap  apart  from  that  representing  the  leaf -bundle.'  The 
absence  of  the  parichnos  may  be  regarded  as  a  point  in  favour  of  the 
view  that  the  impression  is  that  of  a  partially  decorticated  stem. 
Similarly,  the  absence  of  any  demarcation  between  a  leaf-cushion  and 
a  true  leaf-scar  such  as  characterises  the  stems  of  Lepidodendra  and 
many  SigillarisB  is  also  favourable  to  the  same  interpretation.  The 
fact  that  a  partially  decorticated  stem  often  presents  an  appearance 
comparable  to  that  of  serially  disposed  leaf-cushions  is  in  some 
instances  due  to  the  presence  of  a  reticulum  of  thicker- walled  elements 
in  the  outer  cortex,  which  divides  up  the  thinner- walled  tissue  into 
regular  meshes  or  areas  corresponding  approximately  in  shape  to  the 
leai-cnshions.  It  may  be  that  the  dark  band,  x,  shown  in  Fig.  7,  is 
the  impression  of  some  of  tlie  fibres  composing  a  reticulum  of 
strengthening  tissue.  It  is,  however,  possible  that  the  cells  seen  in 
Figs.  7  and  8  may  be  those  of  the  epidermal  layer,  and  the  absence  of 
a  parichnos  may  constitute  a  definite  character,  but  this  is  on  the 
whole  less  likely  than  the  other  hypothesis.  Although  we  cannot 
feel  much  confidence  in  the  specific  determination  of  stems  which 
have  probably  lost  part  of  theii*  surface  features,  we  may  briefly  refer 
to  other  specimens  which  bear  a  close  resemblance  to  the  African 
fossil. 

In  1872  Mr.  Carruthers'  described  some  Palaeozoic  impressions  from 
Queensland,  some  of  which  appear  to  be  identical  with  that  shown  in 
JPig.  6  under  the  name  Lepidodendron  nothum,  Ung.     The  material  on 

^  Seward:  Quart.  Joum.  Geol.  Soc,  vol.  liii  (1907);  p.  326,  pi.  xxiii. 

'  For  figures  of  the  parichnos  strand  s^e  AVilliamdon,  Phil.  Trans.  Roy.  Soc,  1893. 

'  Carruthers:  Quart.  Joum.  Geol.  Soc,  vol.  xxviii,  1872.. 
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wMch  Unger  founded  this  species^  was  obtained  from  Thuringian 
rocks  referred  to  an  Upper  Devonian  horizon ;  the  surface  showed  tiie 
remains  of  spirally  arranged  rhombic  areas  similar  to  those  of  the 
African  specimen,  and  the  anatomical  structure  was  compared  bj 
TJnger  with  that  of  Zepidodendran  Haroourtii,  Solms-Laubach,*  on 
examining  Unger's  tyx)e-speoimeny  found  that  the  comparison  was 
based  on  a  misinterpretation,  and  that  the  supposed  surface-features 
are  those  of  a  partially  decorticated  stem. 

The  Queensland  fossils  are  considered  by  Carmthers,  whose  opinion 
is  supported  by  Solms-Laubaoh,*  as  specifically  identical  with  Dawson's 
LeptopMceum  rhamhicum^ 

M'Coy'  instituted  the  name  Lepidodendron  austraU  for  some 
specimens  found  in  rocks  of  Lower  Carboniferous  age  in  Victoria, 
Australia ;  the  fossils  so  designated  are  regarded  by  many  authors  as 
identical  with  the  Queensland  specimens  of  Carmthers.  It  seems 
clear  that  the  Queensland  and  Victoria  fossils  should  be  described 
xmder  the  same  name,  but,  as  Eidston  *  has  pointed  out,  it  is  by  no 
means  certain  that  Carmthers  was  correct  in  referring  his  specimens 
to  Unger's  species. 

An  exanunation  of  the  material  described  by  Carmthers  and 
of  the  figures  published  by  Feistmantel^  and  otner  authors  leads 
me  to  apply  M*Coy's  specific  name  to  the  impression  from  South 
Africa.  A  similar,  though  probably  not  an  identical,  plant  has 
been  described  by  Krasser*  from  China,  and  from  the  Devonian  of 
Bpitzbergen  Nathorst'  has  figured  an  impression  under  the  name 
Bergeria — a  term  employed  for  certain  forms  of  decorticated  Lepido- 
dendron  stems — which  appears  to  be  identical  with  the  Australian 
type.  From  the  Lower  Carboniferous  strata  of  the  Argentine 
Szajnocha^^  describes  another  example  of  this  form  of  stem  ns 
a  Lepidodendron  of  the  Lepidodmdron  nothum  group.  For  a  full 
account  of  Lepidodendron  australe,  from  the  point  of  view  of  its 
identity  with  Lepidodendron  nothum  and  as  regards  its  geological 
range,  reference  may  be  made  to  a  paper  by  Mr.  Etheridge,"  as  also 
to  one  by  Messrs.  David  &  Pittman." 

As  M*Coy  originally  pointed  out,  his  species  Lepidodendron  atutraU 
agrees  closely  with  a  Lepidodendron  stem  in  the  Bergeria  condition. 
It  may  be  that  the  numerous  specimens  included  under  his  species  are 
impressions  of  stems  which  have  lost  their  superficial  tissues.  Until 
more  is  known  as  to  the  structure  of  these  plants  we  cannot  be 
certain  as  to  generic  position.     Assuming  the  fossils  to  be  those  of 

1  Unger:  Denksch.  k.  Akad.  Wiss.  "Wien,  xi  (1856),  p.  175. 

2  Solms-Lauboch :  Abh.  k.  Preuss.  geol.  Landesanst.,  Heft  xxiii,  1896. 
»  Fossil  Botany,  1891,  p.  200. 

*  Dawson :  Geol.  Surv.  Canada,  1871,  pi.  viii. 

*  M'Coy :  Prod.  Pal.  Victoria,  dec.  i,  1874. 

•  Kidston:  Catalogue  of  the  Palaeozoic  Plants  in  the  British  Moseum,  1886,  p.  231. 
'  Feifltmantel:  Mem.  Geol.  Surv.  N.S.  Wales,  Palaeont.,  No.  3  (1890),  pi.  iL 

^  Krasser:  Denksch.  k.  Akad.  Wiss.  Wien,  Bd.  Ixx  (1900),  pi.  ii,  fig.  1. 

•  Nathorst :  K.  Svensk.  Vet^nskaps  Akad.  Hand.,  xxvi,  No.  4,  pi.  ii. 

JO  Szajnoeha:  Sitzber.  k.  Akad.  Wiss.  Wien,  Bd.  C,  Abth.  i  (1891),  p.  203. 
"  Etheridge  :  Reo.  Geol.  Surv.  N.S.  Wales,  vol.  ii,  pt.  3. 
"  David  k  Pittman  :  ibid,,  vol.  iii,  pt.  4. 
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a  Lepidodendroid  plant — an  assumption  supported  by  such  eyidenoe  as 
we  possess — we  are  hardly  in  a  position  to  say  that  JLepidodendron  is 
a  more  appropriate  generic  designation  than  Sigillaria,  As  regards 
the  geological  range  of  Zepidodendron  auitraJe,  it  is  perhaps  more 
especially  characteristic  of  Lower  Carboniferous  rocks,  though  it  occurs 
also  in  Upper  DoYonian  strata. 

Bucklandia  sp.,  cf.  B.  anomala  (Stokes  &  Webb).  (PI.  XXI,  Fig.  9.) 
The  specimen  represented  in  Fig.  9  was  obtained  from  the  Wood 
bed  of  the  Uitenhage  Series  on  the  Witte  Kiver :  it  is  a  flattened  and 
somewhat  crushed  piece  of  a  stem  covered  with  tangentially  elongated 
leaf -bases  varying  considerably  in  size.  The  largest  base,  shown  in 
the  upper  part  of  the  Figure,  is  2  cm.  deep  and  3*5  cm.  wide ;  those 
in  the  middle  of  the  fragment  are  much  narrower  in  a  vertical 
direction.  It  is  probable  t^at  the  striking  difference  in  size,  which 
is  much  more  marked  on  the  side  shown  in  the  figure  than  on  the 
other  surface,  though  partly  the  result  of  crushing,  may  indicate  the 
existence  of  two  kinds  of  leaves  as  in  recent  species  of  Cf/eas  and  in 
the  stem  figured  by  Carruthers  ^  from  the  Hastings  Sands  of  Sussex  as 
Bucklandia  Ifanieuiij  a  designation  which  it  has  been  suggested  should 
be  changed  to  Bucklandia  anomala  (Stokes  &  Webb).'  The  specimen 
is  worth  recording  as  the  first  example  of  a  Cycadean  stem  discovered 
in  the  plant-beds  of  the  Uitenhage  Series,  which  have  afforded  several 
types  of  Cycadean  fronds.* 

EXPLANATION  OF  PLATES  XX  AND  XXI. 

Fio.  1.     Phyllotheca  WhaiUi^  sp.  noT.     Slightly  reduced. 

Fios.  2-5.     Osmunditea  Kolbei,  sp.  nov. 

Fig.   2.    Outline  drawing  showing  the  shape  of  the  stem.    Approximately 

-^  nat.  size. 
Fig.  3.    Terminal  piece  of  the  stem  (x,  Fig.  2). 
Fig.    4.    Portion   of   the    stem    (i    nat.  size)  showing   petiole  -  bases   and 

depression  (e). 
Fig.  5a.     Transverse  section  of  petiole  (a,  Fig.  4). 
Fig.  6b.    Transverse  section  of  vascular  strand  of  younger  leaf-stalk. 
Fig.  5e,     Leaf-stalk  with  crushed  vascular  hand. 
Fig.  5d.    Obb'que  view  of  two  petiole-hasea  {b,  Fig.  4). 

Fioa  6-8.     Zepidodendron  amtrakj  M*Coy. 

Fig.  6.    Nat.  size. 

Fig.  7.    A  single  area  enlarged. 

Fig.  8.    Cell-outlines  (considerahly  enlarged)  as  seen  on  the  surface  of  the  area 
shown  in  Fig.  7. 
Fio.  9.    Biteklandia  sp.     1^  nat.  size. 

II. — Thh   Ttgerbekg   Anticlike. 

By  Professor  Ernst  H.  L.  Schwarz,  A.R.C.S.,  F.G.S., 
Rhodes  University  College,  Grahamstown,  South  Africa. 

(PLATE  XXII.) 

ROUND  the  south-western  comer  of  Cape  Colony  there  is  a  belt  of 
mountains  which  exhibit  a  number  of  exceedingly  interesting 
features.     The  ranges  meet  almost  in  a  right  angle,  the  one   set 

»  Carruthers:  Trans.  linn.  Soc.,  vol.  xxvi  (1870),  pi.  liv,  fig.  4, 
>  Seward:    Catalogue  of  the  Mesozoic  Plants  in  the  Department  of  Gsologj 
(British  MuMum) :  The  Wealden  Flora,  pt.  ii,  p.  123. 
*  Seward:  Ann.  S.  African  Museum,  vol.  iv  (1903). 
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trending  north  and  the  other  east,  from  a  point  near  Ceres  village ; 
this  is  what  Suess  calls  a  '  Schaarung,'  and  I  believe  nowhere  else  in 
the  world  does  this  structure  show  itself  in  such  a  simple  manner. 
Each  range  is  composed  essentially  of  an  S-shapcd  bend,  the  syncline 
on  the  coast  side  and  the  anticline  on  the  inner  side,  while  subsidiary 
folds  are  added  in  various  places,  without,  however,  obscuring  the 
general  nature  of  the  mountEiin  structure.  The  central  axes  of  the 
ranges  are  composed  of  a  coarse  grey  false-bedded  sandstone,  the 
Table  Mountain  Sandstone  resting  on  the  outer  side  on  Pal-Afric  beds, 
slates,  phyllites,  and  intrusive  granite,  and  dipping  under  later  and 
conformable  beds  on  the  inner  sides.  The  age  of  the  Table  Mountain 
Sandstone  is  uncertain,  as,  with  the  exception  of  indeterminable 
bivalves  found  by  Griesbach  in  Natal  and  possibly  a  Patella,  no  fossils 
have  been  recorded  from  the  series ;  the  overlying  beds,  however,  the 
Bokkeveld  Beds,  contain  a  rich  fauna  belonging  to  the  American  type 
of  Devonian  species.  On  top  of  the  Devonian  comes  another  series  of 
sandstones,  the  Witteberg  Beds,  strongly  differentiated  from  the  older 
sandstone  series  by  their  yellow  and  red  tints,  and  the  amount  of  shaly 
matter  intercalated  between  the  sandstone  banks.  The  Witteberg 
Beds,  although  strictly  conformable  to  the  Bokkeveld  Beds,  contain  a 
flora  which  is  referable  to  the  Lower  Carboniferous,  the  conformity 
being  supposed  to  be  the  result  of  the  ocean  floor,  during  the  period 
occupied  elsewhere  with  the  deposition  of  the  Middle  and  Upper 
Devonian,  having  sunk  below  the  area,  or  rather  out  of  reach  of 
deposition  of*  land  detritus.  The  Witteberg  Beds  usually  form  a 
fronting  range  of  hills  separated  from  the  main  ranges  by  a  valley 
occupied  with  the  softer  slates  and  limestones  of  the  Bokkeveld  Series. 
On  top  of  the  Witteberg  Beds  come  the  series  of  the  Karroo  system, 
commencing  with  the  Dwyka  and  Ecca ;  these  either  form  wide  flats 
or  a  country  cut  up  into  small  hills  or  kopjes. 

The  main  ranges  thus  tower  up  to  6,000  feet,  rarely  to  7,000  feet, 
above  plains  elevated  not  more  than  1,000  feet,  and  the  abrupt  flanks 
have  been  carved  into  tremendous  gorges  or  kloofs  by  the  streams  that 
rush  down  them  when  it  rains.  The  axes  are  usually  fairly  even  as 
seen  against  the  skyline,  but  the  central  ridge  is  often  so  narrow  that 
the  streams  from  either  side  have  cut  back  bevond  the  watershed  and 
have  thus  isolated  peaks  which  assume  fantastic,  pinnacled,  and 
castellated  forms.  The  hillsides,  where  not  periodically  burnt,  support 
a  luxuriant  heath  vegetation,  the  Ei  or  Heide  veld,  consisting  of  a 
large  number  of  sugar  bushes,  Proteas,  and  woody  Composit®,  while 
in  among  these  are  the  beautiful  Cape  heaths  and  everlasting  flowers ; 
in  two  districts  there  are  added  the  noble  Cape  cedars,  Cullitnt 
juniperoides^  on  the  north-west,  and  C,  schwarzi,  which  I  discovered  in 
the  out-of-the-way  valleys  of  Baviann's  Kloof,  on  the  south-east.  The 
wildness  and  beauty  of  the  mountains  have  called  forth  admiration 
from  every  European  who  has  climbed  among  them,  and  they  have 
been  likened  from  a  scenic  point  of  view  to  the  Alps,  but  from  a 
geological  point  of  view  they  are  entirely  different. 

The  Alps  are  mountains  that  have  been  folded  and  the  folds 
themselves  again  folded ;  in  the  coast  ranges  of  the  Cape  the  first 
stage  has  alone  been  reached.      The  difference  is  that  between  an 
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anticlinorium  and  an  anticline.  And  whereas  on  the  Alps  the 
prodigious  force  has  crumpled  a  whole  succession  of  formations  and 
has  fidlowed  recumbent  fohls  to  develop,  in  the  coast  ranges  of  the 
Cape  there  has  been  only  a  single  formation  folded  into  the  main 
range,  and  where  an  overfold  has  taken  place  it  is  of  restricted  extent. 
All  the  subsidiary'  folds  that  develop  on  the  inner  or  '  stoss '  side  of 
our  langes  are  upright  folds,  and  I  wish  to  lay  stress  on  this  point 
because  the  large  number  of  papers  recently  written  on  recumbent 
folds  in  and  around  the  Alps  has  directed  attention  to  this  peculiar 
featoie.  Dr.  G.  Sandberg  has  ascribed  such  an  origin  for  the  abrupt 
range  of  quartxites  that  rise  from  the  plains  north  of  Prince  Albert/ 
in  spite  of  the  photograph  illustrating  the  nature  of  the  range  which 
Mr.  Bogers published  in  his  ^'Geology  of  Cape  Colony,"  p.  141 .  In  the 
accompanying  photograph  (Plate  XXII)  I  show  the  eastern  end  of  the 
Tygerberg,  as  this  sharp  crest  is  called,  where  the  bare  dip-slopes  of 
quaitsite  are  seen  rising  from  out  of  the  plain,  composed  of  Dwyka 
conglomerate,  almost  as  if  they  had  been  made  of  sheets  of  some 
plii^le  metal  like  zinc.  There  are  features  of  interest  enough  in  the 
Tygerberg  without  suggesting  the  additional  one  of  recumbent  folds, 
and  however  much  I  should  like,  for  the  sake  of  the  interest  which 
such  a  structure  would  evoke,  that  Dr.  Sandberg  was  right,  yet  if 
the  stmcture  of  the  coast  ranges  of  Cape  Colony  is  misunderstood, 
much  of  the  geology  of  South  Africa  would  become  unintelligible. 

The  difficulty  which  the  Tygerberg  presents  is  that  although  the 
qnartsiteB  tower  up  in  a  narrow  vertical  anticline,  the  Dwyka  shales 
luod  conglomerate  around  it  are  only  moderately  inclined,  and  indeed 
in  some  places  lie  actually  flat.  The  Dwykii  conglomerate  is  an 
exceedingly  tough,  close-grained  rock,  being  in  fact  a  glacial  till  that 
has  been  compressed  and  hardened  by  the  pressure  of  some  thousands 
of  feet  of  superincumbent  strata  now  removed  by  denudation.  The 
Witteberg  Beds,  on  the  other  hand,  show  in  the  extraordinary  twists 
and  bends  that  nearly  everj' where  characterise  the  series,  that  the 
rock  was  mobile  when  deeply  buried ;  the  rocks  that  form  the  chief 
bulk  of  the  strata  are  flne-grained  quartzites,  and  I  ascribe  this 
mobility  to  the  fact  that  silica  at  temperatures  and  pressures  found  in 
the  earth's  crust  at  a  depth  of  a  couple  of  miles  is  easily  soluble. 
What  has  happened,  then,  in  the  Tygerberg,  is  that  an  earth -fold  has 
developed  with  an  east  and  west  trend ;  the  Dwyka  conglomerate  has 
yielded  but  slightly  to  the  folding,  but  the  underlying  quartzites  were 
rednced  to  such  a  state  that  they  were  ready  to  flow  in  any  direction 
where  there  was  relief  of  pressure,  the  process  being  one  of  solution 
and  redeposition  of  the  substance  of  the  individual  grains.  Eventually 
the  folding  became  so  great  that  the  Dwyka  conglomerate  had  to 
yield,  but  instead  of  bending,  a  vast  rent  developed  through  the  strata 
down  to  the  underlying  quartzites.  This  gave  relief  of  pressure,  and 
the  quartzites  came  squeezing  through  the  gap  in  the  overlying  beds 
much  in  the  same  manner  tliat  lead  may  be  made  to  flow  between  the 
jaws  of  a   vice.     The  process   in  the   case   of  the   Tygerberg  was 

»  Trans.  Geol.  Soc.  South  Africa,  vol.  ix  (1906i,  p.  82  ;  Xature,  August  22nd, 
1907,  p.  423. 
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naturally  an  exceedingly  slow  one  and  was  accomplished  at  ocmsider- 
able  depth  beneath  the  earth's  surface ;  the  flow  of  quartzite  can  only 
take  place  at  certain  temperatures  and  pressures,  and  directly  these 
fall  below  a  certain  point,  solution  and  redeposition  of  the  substance 
of  the  constituent  grains  cease,  and  the  rock  becomes  the  hard,  brittle, 
intractable  rock  one  is  familiar  with. 

If  I  am  wrong  in  my  explanation  of  the  causes  which  led  to  the 
formation  of  the  Tygerberg  anticline,  I  am  quite  sure  that  my 
description  of  the  effects  produced  is  correct ;  I  visited  the  hill  maay 
years  ago  before  I  had  studied  the  main  ranges  to  the  south,  but  could 
make  nothing  of  the  difficulties,  although  I  had  Sawyer^s  map  and 
sections^  with  me  and  found  them  correct;  it  was  only  later  that 
I  began  to  see  the  nature  of  the  fold  after  spending  a  considerable 
time  at  the  place. 

Turning  to  the  larger  mass  of  Witteberg  Beds  to  the  south  which 
form  the  range  of  hills  fronting  the  Swartebergen,  the  beds  are 
perfectly  exposed  in  the  many  kloofs,  while  there  is  very  little 
vegetation  to  obscure  the  details.  One  can  trace  each  individual 
stratum,  and  the  whole  series  is  accounted  for ;  there  is  no  break  in 
the  succession  whence  the  root  of  the  supposed  overfold  could  have 
originated.  The  same  is  true  of  the  main  range  of  the  Swartebergen, 
for  it  is  just  in  this  longitude  that  there  is  the  magnificent  gorge, 
called  Meiring's  Poort,  where  the  structure  of  the  mountain  strata  if 
so  clearly  revealed  that  there  is  no  possibility  of  the  existence  of  & 
great  limb  missing.  Contrariwise,  on  either  end  of  the  Tygerberg  the 
Dwyka  and  £cca  Beds  are  folded  in  a  gentle  anticline  continuing  that 
of  the  quartzite. 


III. — Inclusions  in  some  Volcanic  Bocks. 

By  J.  Allan  Thomson,  B.A.,  B.Sc,  F.G.S. 

II TY  attention  was  first  drawn  to  this  subject  by  the  study  of 
ItJL  a  remarkable  crystal  breccia,  occurring  at  Kakanui,  Kew 
Zealand,  of  which  a  description  is  given  below.  The  only  similar 
phenomena  I  could  read  of  in  the  Colonial  libraries  at  my  disposal 
were  those  of  the  diamond  pipes  at  Kimberley,  described  by  Professors 
Carvill- Lewis,  T.  G.  Bonney,  and  Miss  Baisin  in  this  Magazine.* 
Having  since  had  the  opportunity,  thanks  to  the  hospitality  of 
Professor  Lacroix,  of  studying  in  his  laboratory  at  Paris,  I  found 
that  the  proper  discussion  of  this  subject  comes  under  the  study  of  the 
inclusions  of  volcanic  rocks,  of  which  he  has  given  so  admirable  an 
account  in  his  book  **Les  Enclaves  des  Boches  volcaniques." "  At  his 
recommendation   I   collected  some  inclusions  from  the   well-known 

1  A.  R.  Sawyer,  Report  on  the  Geology  and  Mineral  Resonroes  of  Prince  Albert: 
Parliamentary  lleport,  Cape  Town,  1893. 


general  paucity  of  information  on  this  point  in  the  standard  textbooks  is  remarkable. 
'  A.  Lacroix :  *'  Les  Enclaves  des  Roches  volcaniques  "  :  Macon,  1893. 
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dolerite  of  Poitmsh,  and  studied  them  under  his  guidance.  The 
present  paper  consists  of  a  discussion  of  rocks  from  these  two  localities, 
with  descriptive  notes  on  a  few  other  inclusions  that  I  have  in  my 
collection. 

Two  things  stand  out  clearly  from  a  cursory  examination  of  this 
book,  the  frequency,  almost  the  universality,  oi  inclusions  in  igneous 
rocks,  and  the  importance  of  the  aid  which  they  afford  to  the  student 
of  volcanic  phenomena.  Under  these  circumstances,  it  is  remarkable 
how  long  this  branch  of  study  has  escaped  attention  from  British 
geologists.  Lacroix's  useful  nomenclature  has  not  been  adopted  in 
our  literature,  although  Phillips,  Teall,  SoUas,  Harker,  Judd,^  and 
others  have  paid  considerable  attention  to  some  varieties  of  inclusion, 
and  Harker  has  established  a  slightly  different  classification  of  these 
phenomena. 

Before  proceeding  to  actual  descriptions  it  will  be  of  advantage  to 
outline  Lacroix's  terminology  and  most  important  conclusions,  and  to 
correlate  the  terms  already  in  use.    Lacroix  establishes  two  classes : — 

A.  Enclaves  enaHogenes, 

B.  JEnelaves  homceogknes? 

A. — The  first,  enalhgenous  incltistans,  are  without  any  genetic 
relation  to  their  host,  but  are  merely  accidental  inclusions  of  rocks 
which  the  magma  has  been  able  to  pick  up  in  its  progress  to  the 
surface. 

B. — The  second  class,  homcsogenotu  inclusions,  are  not  mere  accidents, 
but  are  considered  to  be  related  to  their  host  in  that  they  have 
crystallized  from  the  same  magma  in  depth.  The  best  known  type 
are  the  olivine  nodules  of  basaltic  rocks. 

Zirkel,  following  Sauer,  uses  the  terms  Einschliisse  endogene  in  the 
sense  of  Lacroix' s  enclaves  homosogenes,  and  insists  on  the  difference 
between  such  inclusions  and  the  basic  secretions  {Schlieren)  of  granitic 
rocks.'  Doelter  makes  a  similar  division  into  exogene  and  endogene, 
correlating  these  with  Lacroix*  s  enallog^ne  and  homcsog^ne}  But 
in  many  recent  descriptions  German  authors  have  preferred  the 
latter  terms. 

In  English  scientific  literature  the  term  xenolith  has  practically 
established  itself  in  the  sense  of  an  enallogenous  inclusion.  It  was 
proposed  by  SoUas  in  his  paper  on  the  rocks  of  Carlingford,*  while 
individual  crystals  derived  from  foreign  sources  were  called  xenocrysts 
to  distinguish  them  from  phenocrysts. 

Harker,  in  a  paper  on  mixed  rocks,*  and  in  his  memoir  on  the 
Skye  rocks, ^  distinguishes  accidental  and  cognate  xenoliths.  In  the 
latter  ••  there  is  a  genetic  relationship  between  the  enclosed  and  the 

^  For  a  discussion  of  the  subject  in  1893  and  previous  literature  see  Judd, 
Q.J.G.S.,  vol.  xlix  (1893),  p.  176. 

•  ''EyoAAos  =  different ;  t^oios  =  similar ;  ytwAta  =  to  beget. 

»  F.  Zirkel :  *»  Lehrbuch  der  Petrographie,"  2nd  ed.  (1893),  vol.  i,  p.  794. 
«  C.  Doelter:  **  Petroeenesis,"  1906,  ch.  vii,  p.  101. 

•  Trans.  Boy.  Ir.  Acad.,  vol.  xxx  (1894),  p.  493. 

•  A.  Harker,  ''Igneous  Rock  Series  ana  Mixed  Igneous  Rocks** :  Journal  of 
Oeology,  Chicago,  1900,  p.  389. 

^  A.  Harker,  "The  Tertiary  Igneous  Rocks  of  Skye":  Geol.  Surr,  Mem., 
1904,  p.  351. 
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enclosing  rocks,  and  here  the  xenoliths  have  probablj  a  deeper 
significance."  For  scattered  crystals  of  foreign  origin  he  uses  ^e 
term  sporadic  xenoerysts.  This  *  genetic  relationship '  of  cognate 
xenoliths  to  their  host  is  not  to  be  confused  with  that  of  homoec^enous 
inclusions.  They  are  to  be  understood  as  fragments  of  rocks  already 
consolidated  which  belong  to  the  same  petrographical  province.  Thus 
the  inclusions  of  gabbro  in  granite  in  Skye  are  considered  cognate 
xenoliths.  Lacroix  regularly  includes  such  cases  amongst  the  enallo- 
genous  inclusions. 

Judd,  in  describing  the  glomeroporphyritic  structure  of  the  Fair  Head 
dolerite,  says^:  '*  Those  who  regard  the  enclosures  composed  of  olivine, 
enstatite,  augite,  etc.,  which  are  found  in  some  basalts  as  having 
separated  at  some  period  from  the  magma,  out  of  which  the 
surrounding  rock  was  itself  formed,  may  regard  these  as  examples  of 
the  glomeroporphyritic  structure  on  a  gigantic  scale."  Conversely,  we 
may  regard  the  small  groups  of  anorthite  and  olivine  crystals,  with 
the  structure  of  troctolite,  which  lie  scattered  through  the  dolerite,  as 
homoeogenous  inclusions  of  small  dimensions. 

Throughout  this  paper,  then,  I  shall  speak  of  inclusions  is 
enallogenous  or  homoeogenous,  dividing  the  former  into  xenocrysts 
and  cognate  or  accidental  xenoliths. 

The  study  of  xenoliths  is  important  because  of  the  alterations  that 
they  have  undergone  under  the  influence  of  the  enclosing  magnuu 
In  other  words,  they  furnish  the  best  materials  for  the  study  of  the 
contact  mctamorphism,  both  exogenous  and  endogenous,  of  volcanic 
rocks.'  It  is  rare  to  find  strongly  marked  contact  phenomena  at  the 
junction  of  volcanic  rocks  with  older  rocks,  but  even  where  this  is 
the  case,  as  with  the  Portrush  rock  described  below,  the  inclusions 
generally  show  the  same  phenomena  more  strongly  marked  and  more 
easily  studied.  Lacroix  has  found  from  the  study  of  these  inclusions 
that  a  broad  division  of  volcanic  rocks  must  be  made  into  the  two 
classes  trachytoid  and  hasaltoid.  The  former  contain  orthoclase  or 
acid  triclinic  felspars,  the  latter  are  without  these  minerals.  This 
division  is  set  up  because  in  the  former  the  modifications  undergone 
by  the  inclusions  arc  often  intense,  are  of  a  chemical  order,  and  can 
only  be  explained  by  the  presence  of  minerali'satorSy  while  in  the 
latter  the  metamorphic  phenomena  are  less  intense  and  could  he 
produced  by  the  action  of  heat  alone,  or,  if  of  a  chemical  order,  are 
limited  to  the  surface  of  the  inclusions. 

The  absence  of  mincralisators  in  hasaltoid  lavas  is  to  be  explained 
by  their  more  cornplete  fluidity,  permitting  of  the  escape  of  the  gases. 
That  mincralisators  are  present  with  the  magmas  in  depth  has  been 
shown  by  Lacroix  in  his  study  of  the  ophites  and  Iherzolites  of  the 
Pyrenees.^    The  trachytoid  lavas,  on  the  other  hand,  being  much  more 

^  Q.J.G.S.,  vol.  xlii  (188G),  p.  71. 

2  Lacroix  has  summed  up  his  conclusions  on  this  subject  in  a  paper  **E'tude  sur 
lo  Metamorphisme  de  Contact  des  Eoches  Volcaniques '*  :  Memoires  presentes  par 
divers  savant?  a  TAcadcmie  des  Sciences,  tome  ixxi  (1894),  No.  7. 

^  S«'e  A.  Lacroix,  "  Les  Ph^nomenes  de  contact  de  la  LherzoUt«  et  de  quelqnes 
Opliites.des  I'vKuces ;' :  Bull.  Carte  Geologique  de  la  France,  No.  42  (tome  ri, 
189j),  ch.  iii,  p.  124. 
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Tiscous  and  cooling  more  slowly,  have  not  had  their  gases  disengaged 
so  fast,  80  that  these  have  had  time  to  act  chemically  on  the  inclusions 
and  to  determine  the  formation  of  many  minerals— mica,  orthoclase, 
etc. — ^that  cannot  be  reproduced  artificially  by  pure  fusion  alone. 

It  is  noteworthy  that  this  division  of  volcanic  rocks  corresponds 
with  that  established  by  the  work  of  Fouqu6  and  Levy  on  the 
synthesis  of  igneous  rocks.  The  basaltoid  rocks  can  all  be  reproduced 
by  fusion  and  suitable  re-cooling,  the  trachytoid  cannot. 

The  study  of  homceogenous  inclusions  is  of  interest  because  of  the 
light  they  throw  on  the  relations  between  volcanic  and  plutonic 
rocks.  The  inclusions  may  be  divided  into  two  classes,  those  which 
possess  the  same  mineral  assemblage  and  practically  the  same  chemical 
composition  as  their  host,  and  those  which  are  formed  only  of  the 
large  minerals  of  the  intratelluric  crystallisation  and  are  more  basic. 
The  former  kind  are  called  by  Lacroix  \hQ  formes  grenues  or  granular 
form  of  the  eruptive  rock,  the  second  enclaves  hmiques  or  basic 
inclusions.  As  examples  of  the  first  may  be  cited  biotite  sanidinites 
in  biotite  trachyte,  and  nepheline  syenite  in  phonolites.  Sometimes 
instead  of  the  plutonic  rock  corresponding  to  the  volcanic  host  there  are 
found  rocks  which  otherwise  occur  in  association  with  the  former; 
e.g.,  camptonites,  which  so  often  accompany  nepheline  syenites,  are 
found  in  the  phonolites  of  Mont  Dore.  As  examples  of  the  basic 
inclusions,  the  olivine  nodules  of  basalts  may  be  taken.  The 
generalisation  may  be  made  that  in  trachytoid  rock  the  'former 
grenues '  of  the  host  are  more  frequent  and  the  basic  inclusions  rare, 
whilst  in  basaltic  rocks  the  reverse  is  the  case.  For  a  discussion  of 
the  mode  of  origin  of  homceogenous  inclusions  reference  must  be  made 
to  Lacroix's  book.  He  admits  that  here  similar  phenomena  may  be 
arrived  at  in  different  ways. 

The  following  descriptions  are  all  of  inclusions  in  basaltoid  rocks: — 

I.  Indusions  of  the  Bolerite  Sill  of  Portnuh,  Co.  Antrim,  Ireland. 

This  rock  is  so  well  known  and  has  been  so  often  noticed  that 
a  description  of  it  would  be  out  of  place  here.  Sir  A.  Geikie  ^  ha9 
remarked  the  fine  grain  assumed  by  the  otherwise  coarsely  crystalline 
dolerite  near  its  junction  with  the  Lias  shales,  and  Professor  Cole  has 
given  a  description  of  the  microscopic  structure  of  both  types  in  his 
suggestive  account  of  the  contact  phenomena.'  The  inclusions 
examined  by  me  are  all  from  the  coast  section,  and  include  holo- 
crystalline  nodules  from  the  coarse  dolerite  at  the  north  end  of  the 
cape  and  inclusions  of  dolerite  and  Lias  from  the  east  side  near  the 
junction.  Sir  A.  Geikie  mentions  the  difficulty  of  distinguishing 
the  basalt  and  the  Lias  rocks  at  the  contact ;  this  difficulty  is 
accentuated  with  regard  to  the  inclusions,  for  in  these  the  shale  has 
assumed  a  more  crystalline  appearance,  and  inclusions  of  a  flinty  t^^po 
of  igneous  rock  in  the  dolerite  show  a  great  resemblance  to  sedimentary 
rocks. 

*  Loc.  cit.,  vol.  ii,  p.  209. 

'  G.  A.  J.  Cole,  **  On  Contact- Phenomena  at  the  Junction  of  Lias  and  Dolerite  at 
Portrush** :  Proo.  Roy.  Ir.  Acad.,  vol.  xxvi,  sect.  B,  No.  6,  p.  62. 
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A.      EhaLLOOXKOUS  LfOLUSIOVS. 

1.  Connate  Xenoliths, 

Cognate  xenoliths  have  already  been  noted  by  Professor  Cole  in 
dolerite  veins  cutting  the  olivine  dolerite.*  They  consist  of  "the 
compacter  and  basaltic  layer  "  which  the  veins  have  entered.  Those 
collected  by  me  may  be  of  this  category,  though  I  did  not  observe 
that  the  including  rock  was  a  vein.  They  are  of  a  fine  dolerite  in 
a  coarse  one.  They  are  of  a  grey  flinty  appearance  with  frequent 
crystals  of  pyrites,  and  are  irregularly  motUed  with  doll  greenish 
patches. 

In  thin  sections  they  are  seen  to  consist  of  an  aggregate  of  small 
felspars,  generally  in  short  stout  prisms,  but  often  rounded,  with 
patches  of  irregularly  -  shaped  augite  grains,  which  eztingoish 
simultaneously;  it  is  an  ophitic  structure  in  which  the  optical 
continuity  remains,  but  the  actual  continuity  of  the  augite  (in  section, 
at  least)  is  broken.  It  is  these  plates  of  augite  which  give  the  hand- 
specimens  the  mottled  appearance.  The  felspars  run  from  labradorite 
to  anorthite,  and  preponderate  largely  over  the  augite.  Olivine  is 
absent.  The  rock  is  thus  a  fine-grained  ophitic  dolerite.  It  has 
suffered  no  great  change  from  its  reheating. 

2.  Accidental  Xanoliths. 

The  alteration  of  the  lias  at  its  contact  by  the  intmsive  d<derite 
(here  basaltic)  has  been  fully  described  by  Professor  Cole  in  the  paper 
already  referred  to.  But  near  the  shore  contact  it  is  not  nnconmum 
to  find  patches  of  the  Lias  included  in  the  basalt,  and  where  this  ii 
the  case  the  contact  phenomena  are  much  more  marked.  Professor 
Lacroix  has  observed*  that  along  the  shore  the  Lias  has  been  changed 
to  a  rock  formed  mainly  of  cordierite  and  extremely  rich  in  crystallites 
of  pyroxene  and  a  little  magnetite,  with  here  and  there  smidl  grains 
of  quartz  intact.  This  alteration  is  somewhat  different  to  that 
described  by  Professor  Cole,  who  has  found  no  cordierite.  AccordiDg 
to  my  specimens,  the  Lias  some  little  distance  from  the  contact 
contains  a  good  deal  of  quartz  and  magnetite  and  some  pyrite  in 
elongated  patches,  around  which  is  recrystallised  quartz,  a  few 
scattered  flakes  of  biotite,  some  chlorite,  numerous  small  granules 
with  a  high  index  which  seem  to  be  pyroxene,  and  a  few  colourless 
crystals  which  may  be  cordierite ;  but  the  fineness  of  grain  and  the 
overiapping  of  the  individual  ciystals  makes  identification  of  all  the 
constituents  difficult.  A  few  inches  from  the  actual  contact  the 
rock  is  still  fine-grained,  but  the  granules  of  pyroxene  are  more 
recognisable.  The  rock  also  contains  patches  of  colourless  minerals 
of  larger  size,  most  of  which  aro  felspars  with  Carlsbad  twins,  but 
occasionally  nlbite  twinning  also  occurs  and  anorthite  can  he 
recognised.  Round  the  borders  of  the  patches  the  pyroxene  granules 
ai-e  more  closely  studded  and  of  slightly  larger  size.  Karely  a 
pleocliroic  mineral  occurs  in  the  patches.  From  its  very  great  relief 
and  the  strength  of  the  birefringence  it  agrees  with  staurolite  rather 

*  Loc.  cit.,  p.  63. 

-  *'  Les  Euclave?  dcs  llocbcs  volcaniques,'*  p.  655. 
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than  with  andalosite,  which  Professor  Cole  has  found  in  the  con- 
tact zone. 

It  is  only  among  the  actual  inclusions  that  I  have  found  specimens 
similar  to  those  described  by  Professor  Lacroix.  The  presence  of 
cordierite  in  minute  crystals  is  difficult  to  verify  microscopically  unless 
basal  sections  are  found  giving  the  characteristic  twins.  In  none  of 
my  sections  can  these  be  found,  but  they  resemble  so  much  Professor 
Lacroix's  sections,  which  he  kindly  lent  me  for  examination  and  in 
which  he  was  able  to  obtain  this  verification,  that  I  do  not  hesitate  to 
identify  as  such  a  mineral  occurring  abundantly  in  roughly  quadrate 
plates  with  straight  extinction  compared  to  the  direction  of  elongation. 
It  has  in  general  a  lower  interference  colour  than  the  quartz  which  is 
also  present,  and  it  is  crowded  with  inclusions  of  magnetite  and  fine 
granules  of  pyroxene. 

Another  type  of  inclusion  is  quite  di£ferent  from  any  rock  hitherto 
described  from  this  locality.  The  hand-specimens  differ  from  the 
altered  Lias  only  in  the  presence  of  streaks  of  a  dull  greenish-white 
colour.  In  thin  sections  the  darker  part  is  seen  to  consist  of  granules 
of  a  green  pyroxene,  much  larger  than  those  in  the  contact  specimens, 
interspaced  by  colourless  prisms  and  grains  of  a  felspar  which 
occasionally  includes  the  pyroxene.  The  lighter-coloured  streaks  are 
formed,  some  of  felroar  with  subsidiary  woUastonite,  some  of  felspar 
lime-garnet  and  calcite,  with  scattered  grains  of  the  green  pyroxene. 
This  latter  mineral  shows  an  occasional  cleavage  trace  and  is  faintly 
pleochroic.  Extinction  angles  up  to  42^  (CAC)  on  longitudinal 
cleavages  have  been  observed.  The  pleochroism  in  thick  sections  is : 
H'^pale  grass  green,  b= yellow  green,  C=blue  green.  The  felspar  is 
most  easily  determined  in  the  colourless  patches,  whore  it  is  of  largest 
size.  The  extinction  angles  with  reference  to  the  trace  of  the  plane 
of  synunetry  of  the  albite  twins  show  it  to  be  anorthite.  The  lime 
garnet  is  confined  to  a  few  of  the  streaks.  It  occurs  in  irregularly 
rounded  grains.  The  wollastonite  has  a  habit  not  unlike  anorthite, 
from  which  it  may  be  distinguished  by  its  slightly  higher  refringence, 
and  by  the  variable  sign  of  the  elongation  of  its  sections ;  those  giving 
positive  elongation,  and  under  convergent  light  an  optic  axial  cross 
perpendicular  to  the  elongation,  may  vrith  certainty  be  referred  to 
wollastonite.  It  does  not  occur  in  great  quantity.  The  rock  therefore 
consists  largely  of  lime  silicates  and  was  probably  a  calcareous  band 
in  the  Lias. 

The  study  of  these  inclusions  is  thus  seen  to  give  valuable  aid  in 
the  study  of  the  contact  phenomena  of  this  rock.  Professor  Cole 
suspected  wollastonite,^  but  was  unable  to  verify  its  presence,  nor 
were  the  colourless  granules  of  sufficient  dimensions  to  furnish  him 
means  of  determining  the  felspar.  The  development  of  cordierite  in 
the  argillaceous  inclusions  of  basaltoid  rocks  is  mentioned  by  Lacroix 
as  very  frequent.'  In  the  case  of  the  Poitrush  rock  he  considers  it 
*'  little  doubtful  that  a  part  of  the  elements  necessary  to  its  formation 
are  of  exogenous  origin." '    Limestone  inclusions  are  generally  simply 

'  Loc.  cit.,  p.  69. 
*  Loc.  cit.,  p.  49. 
'  *•  Ktude  8ur  le  Metamorphismc  do  Contact  des  Boches  Volcaniques,"  p.  47. 
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calcined,  biit  when  silicates  are  deyeloped  they  are  almost  always 
wollastonite,  augite,  and  garnet.^  The  phenomena  exhibited  by  the 
inclusions  of  the  Fortrush  rock  are  then  in  complete  conformity  with 
the  phenomena  described  by  Lacroix. 

B.       HOMCEOGENOUS   INCLUSIONS   OF   THE    CoABSE   BoLE&ITE. 

These  are  rounded  nodules  about  an  inch  and  a  half  in  diameter, 
and  can  be  seen  microscopically  to  consist  of  augite,  felspar,  and 
olivine.  Microscopic  examination  shows  that  they  are  holocrystaUine 
with  typical  ophitic  structure,  the  felspar  being  idiomorphic  towards 
the  olivine  as  well  as  towards  the  augite.  The  olivine  percentage 
varies,  and  in  the  more  basic  types  greatly  exceeds  that  of  the  augite. 
The  felspar  is  always  abundant  and  consists  of  a  basic  labradoiite. 
Magnetite  is  the  only  common  accessory.  It  occurs  in  one  slide  in 
large  idiomorphic  crystals. 

These  inclusions  do  not  differ  either  in  mineral  composition  or  in 
structure  from  the  rocks  that  enclose  them,  but  they  are  still  more 
coarsely  grained.  They  are  normal  ophitic  dolerites.  They  probably 
represent  secretions  of  the  magma  at  a  slightly  greater  depth,  but 
under  almost  the  same  conditions  of  cooling  as  the  ail. 

Professor  Cole  makes  an  interesting  suggestion  with  regard  to  the 
possibilities  of  modification  of  the  main  mass  of  the  dolerite.  While 
he  has  identified  andesine  as  the  felspar,  along  the  east  shore  the 
felspar  seems  to  be  always  labradorite  or  anorthite.  Clearly,  as  he 
says,  **  there  is  room  for  further  research  in  this  well-visited  and 
attractive  field." 

II.    Inclusions  of  the  Eakanni  'Mineral  Breccia.* 

This  rock  occurs  on  the  sea-coast  near  the  township  of  Kakanui, 
Otago,  Kew  Zealand.  Its  general  characters  and  position  in  the 
stratified  series  have  been  described  in  a  former  paper.'  It  is  a 
calcareous  stratified  breccia  of  Oligocene  age,  and  contains  a  remark- 
able variety  of  crystalline  volcanic  products,  as  has  already  been  noted 
by  Mantell.'  There  is  no  massive  rock  in  the  district  that  can  be 
directly  connected  with  it,  although  basaltic  puys  are  abundant  in  the 
district,  but  it  contains  a  few  blocks  of  basaltic  rocks  which  may  be 
assumed  to  represent  the  lava-form  of  the  magma  by  the  explosion  of 
which  the  breccia  was  formed.  Enallogenous  inclusions  of  gneiss,  mica- 
schists,  grauwacke,  and  limestones  are  not  rare,  but  have  not  been 
studied.  The  chief  interest  lies  in  the  size  and  the  variety  of  the 
minerals,  causing  a  great  resemblance  to  the  tuff  necks  of  the  Fife 
coast  and  to  the  diamond  pipes  of  Kimberley,  and  in  the  nature  of  the 
homoDOgonous  inclusions. 

The  basaltic  fragments  are  not  fresh  enough  to  ensure  a  good 
determination  of  the  rock,  but  the  two  types  may  be  recognised.  Both 
contain  pscudomorphs  of  red  rimmed  serpentine  after  phenocrysts  of 

^  •'  Les  Enclaves  des  Koohos  volcaniqucs,"  p.  144. 

'  J.   A.   Thomson,    "The   Gera   Gravels  of   Kakanui":    Trans.   New   Zealand 
Institute,  vol.  xxx^iii  (1905),  p.  481. 
^  U.J.G.S.,  vol.  vi  (18r)0},  p.  324. 
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oliTine.  The  angite  is  fresher  and  is  a  pale  variety,  but  is  in  part 
replaced  by  chlorite.  A  little  brown  hornblende  is  present.  Calcite  is 
abundant  and  apparently  fills  Tesicles.  The  gronndmass  in  both  cases 
IB  very  dark  witlr  ferruginous  decomposition  products.  In  the  first 
type,  a  little  altered  plagioolase  felspar  is  present ;  the  groundmass  is 
more  glassy  and  contains  small  granules  of  augite  and  oliyine.  The 
rock  has  been  an  olivine  basalt.  In  the  other  the  felspar  is  absent 
and  the  augite  in  the  groundmass  is  elongated  into  prisms.  The  rook 
appears  to  have  been  a  limburgite.  The  character  of  the  homoBogenous 
inclusions  strengthens  the  supposition  that  the  magma  has  been  an 
ultra-basic  one.  All  the  other  basalts  recorded  in  the  district  contain 
felspars,  and  in  none  are  the  inclusions  similar. 

The  hornblende  is  generally  witiiout  any  corrosion  border,  but 
occasionally  well-rounded  crystcds  are  found  including  large  crystals  of 
magnetite.  It  is  probably  to  this  corrosion  that  the  poliriied  and 
rounded  surfaces  of  the  hornblende  crystals  in  the  tuffs  are  due.  In 
one  slide  a  large  crystal  of  augite  also  showed  corrosion  phenomena. 

H0X(E00EN0I7S     InCLUSJOITS. 

1.  Isolated  CrystaU. 

Numerous  minerals  occur  in  isolated  fragments  in  the  tufib  and 
breccia,  and  sometimes  attain  a  tremendous  size,  especially  felspar, 
hornblende,  and  a  black  augite.  Garnets,  a  green  augite,  biotite,  and 
olivine  occur  in  smaller  fragments.  The  hornblende,  garnet,  and 
black  augite  are  sometimes  beautifully  polished  and  rounded.  With 
the  exception  of  the  felspar  these  minerals  can  all  be  traced  to  the 
inclusions  described  below.  Its  origin  has  remained  an  enigma.  It 
occurs  in  all  sizes  up  to  70  mm.,  elongated  in  the  direction  of  the  two 
principal  cleavage  faces.  Crystal  faces  are  wanting.  It  is  transparent 
and  colourless  except  where  the  cleavage  planes  are  coated  with 
calcite,  in  thin  sections  perfectly  clear  and  free  from  inclusions.  It  is 
twinned  according  to  both  the  albite  and  peridine  laws,  and  the 
extinction  angles  and  a  partial  analysis  show  it  to  be  an  acid 
oligoclase. 

2.  HohcrysiaUine  Books. 

These  occur  in  great  abundance.  The  commonest  type,  in  fragments 
with  diameters  up  to  eight  inches,  is  an  olivine  nodule  containing 
much  calcite.  The  more  compact  types  are  smaller,  and  contain 
olivine  only  in  subsidiary  amount.  A  totally  distinct  type  consists 
primarily  of  a  black  augite  and  garnet.  All  these  rocks  are  hole- 
crystalline  and  granular  with  fairly  coarse  texture.  None  of  the 
elements  have  crystalline  forms,  but  the  spinels  and  the  hornblende 
which  they  contain  are  posterior  to  the  other  minerals.  They  may  be 
conveniently  divided  into  three  groups,  these  being  characterised  by 
the  presence  of  spinel  and  a  green  augite  (diopside  or  diallage)  in  the 
first,  a  black  augite  in  the  second,  and  predominant  basaltic  horn- 
blende in  the  third.  The  following  table  will  show  the  different 
mineral  combinations : — 

DBCADB  V. — VOL.  IV. — NO.  XI.  32 
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Mineral  eombinatumt  of  Kakanui 
inclusions. 

Analogies  amongst 

KonuBogenous 

inclusions. 

Analogies  amongst 
plutonie  roeks. 

A.  (1)  Spinel,  green  augite,  olivine    ... 

(2)  Spinel,  green  au^te,  oliTine,  \ 

Drown  nomblende                  f 

(3)  Spinel,  n-een  aueite,  oliyine,  ( 

Drown  hornblende,  garnet      J 

(4)  Spinel,  green  augite                  ) 

(5)  Spinel,  ^^reen  augite,  garnet      j 

B.  JBlacK  augite,  garnet,  with  or  with- 

out hornblende  and  magnetite 

C.  Hornblende,  subaidiary  garnet,  a^d 

biotite 

Oliyine  nodules. 

Homblendic  oliTine 
nodules. 

Pyroxene  nodules. 

New  type  of 
pyroxene  nodules. 

Hornblende  nodules. 

IJienolite. 

Hornblende  Iheno- 

lite. 

Hornblende  eolysite. 

Ari^te. 
Garnet  aiidgite. 

Basic  ari^gtte. 

Homblendite  and 
hornblende  azidgite. 

The  types  grouped  under  A  differ  from  ordinary  olivine  nodides  in 
the  absence  of  enstatite  and  the  comparative  rarity  of  olivine. 
Lacroix,  however,  notes  ^  that  besides  normal  olivine  nodnles  there 
exist  more  basic  types  characterised  by  the  presence  of  brown  basaltic 
hornblende,  which  moulds  all  the  other  elements,  and  that  these  are 
sometimes  poor  in  enstatite  and  even  in  olivine  and  picotite,  while  the 
chrome-diopside  is  replaced  by  augite.  The  presence  of  garnet  has 
not,  so  far  as  I  can  £nd,  been  noted  in  olivine  nodules.  The  green 
augite  resembles  the  chrome-diopside  of  Iherzolite  in  colour  and  in 
microscopic  appearance,  but  it  presents  at  times  an  incipient  diallage 
structure.  The  spinel  is  generally  a  green  pleonaste,  more  rarely 
a  brown  picotite.  This  mineral  is  stated  in  textbooks  to  be  without 
cleavage,  but  in  one  section  a  beautiful  cubic  cleavage  may  be 
observed.  The  garnet  is  of  the  pale-rose  colour  seen  in  the  garnet 
ari^gite  of  the  Pyrenees. 

The  types  grouped  under  B  differ  from  any  well-known  plutonie 
rock  or  inclusion  of  volcanic  rock.  It  is  still  open  to  question 
whether  they  are  really  homoeogenous  inclusions,  but  I  incline  to  this 
view  because  of  the  presence  of  brown  basaltic  hornblende  and  the 
general  similarity  of  all  these  rocks  to  the  basic  rocks  accompanying 
Iherzolite  in  the  Pyrenees.  The  augite  has  in  hand  -  Rpecimens 
a  bottle-glass  appearance  with  conchoidal  fracture  and  a  jet-black 
colour,  translucent  on  thin  edges.  In  thin  sections  it  has  a  pale  bistre 
colour,  almost  without  pleochroism,  and  a  fair  cleavage,  on  which 
extinction  angles  up  to  41°  have  been  observed.  It  contains  as 
inclusions  regularly  arranged  rows  of  rounded  or  elliptical  grains  of 
iron  ores,  sometimes  black  and  opaque,  sometimes  translucent  and 
reddish,  crossing  the  cleavage  at  a  considerable  angle.  The  garnet  is 
of  a  red- brown  colour,  and  is  evidently  different  from  that  occurring 
in  the  types  under  A. 

The  commonest  type  of  the  rock  consists  only  of  the  augite  and 
garnet  in  thoroughly  allotriomorphic  forms.  The  augite  sometimes 
includes  the  garnet,  and  vice  versd,  With  the  incoming  and  pre- 
dominance of  brown  hornblende,  which  moulds  the  augite,  the  rock 
passes  over  to  the  next  type. 

*  Loc.  cit.,  p.  4S6. 
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Under  type  C  may  be  grouped  all  the  stages  from  lai^  crystals  of 
brown  hornblende,  containing  subsidiary  inclusions  of  garnet  and 
biotite,  down  to  the  types  under  B,  where  hornblende  is  an  accessory 
mineral. 

Another  rare  type  of  rock  in  the  breccia  seemed  to  consist  of 
kernels  of  altered  oHvine  nodules  cemented  by  hornblende  and  biotite. 
No  material  fresh  enough  for  microscopic  study  could  be  obtained. 

The  similarity  of  olivine  nodules  to  Iherzolites  has  long  been 
known.  Lacroix  regards  them  as  having  been  formed  by  segregation 
in  depth  in  the  basalt  magma,  forming  a  crust  on  the  walls  of  the 
reservoir  that  has  been  broken  through  on  eruption.  Although  their 
chemical  composition  is  more  basic  than  that  of  the  basalt  which 
encloses  them,  and  the  whole  magma  could  not  have  crystallised  out 
as  Iherzolite,  yet  a  considerable  mass  of  the  rock  might  conceivably 
be  formed.  In  a  rook  so  little  felspathic  as  the  Kakanui  basalt  one  is 
not  surprised  by  their  abundance,  while  the  similarity  of  the  other 
types  to  the  basic  rocks  found  in  association  with  Iherzolite  is  only 
what  might  be  expected.  It  will  be  of  interest  to  demonstrate  this 
similarity. 

In  his  study  of  the  basic  rocks  accompanying  the  Iherzolites  and 
ophites  of  the  Pyrenees,^  Lacroix  describes  two  series  of  rocks:  the 
first,  which  he  has  named  ari^giUs^  always  occur  associated  with  the 
Iherzolites;  the  second,  various  hornblende  rocks,  occur  as  veins  in 
the  Iherzolite,  or  in  separate  bosses.  Lherzolite  is  not  always  a 
homogeneous  massive  rock,  but  is  often  banded,  at  the  Etang  de  Lherz 
for  instance,  one  band  being  formed  of  normal  Iherzolite,  the  other  of 
ari^te.  It  is  distinguished  from  Iherzolite  by  the  absence  of  olivine 
and  enstatite,  and  consists  in  the  normal  type  of  a  monoclinic  augite 
and  abundant  spinel,  while  subsidiary  types  are  formed  by  the  presence 
of  garnet  and  basaltic  hornblende.  The  structure  is  sometimes  like 
that  of  Iherzolite,  sometimes  kelyphitic. 

The  inclusions  grouped  under  A  above  will  be  readily  seen  to 
resemble  in  all  respects  Iherzolites  and  ari^gites.  It  should  be 
remembered  that  the  Iherzolite  at  Lherz  contains  hornblende. 

Under  the  name  of  gametiferous  hornblende  ari^gite  is  described 
a  rock  consisting  of  brown  hornblende,  some  flakes  of  mica,  and  large 
grains  of  red  garnet  with  a  little  magnetite  and  spinel.  The  general 
resemblance  of  the  types  placed  under  C  to  this  rock  is  sufficiently 
evident. 

The  second  series  of  rocks  accompanying  the  Iherzolite  is  very 
varied,  but  is  characterised  by  the  presence  of  brown  basaltic  horn- 
blende as  an  essential  mineral.  Among  these  rocks  are  homblendites, 
pyroxene  homblendites,  and  hornblende  peridotites.  The  extreme 
types  of  inclusion  under  C  may  be  called  homblendites. 

In  none  of  these  Pyrenean  rocks  is  there  any  augite  that  at  all 
resembles  that  in  the  B  type  of  inclusions.  The  extraordinary  colour 
is  probably  due  to  a  high  percentage  of  titanium.  The  rocks  do  not 
probably  dilEer  much  in  chemical  composition  from  gametiferous 
ari^gites. 

^  Comptes  RenduB  yiii  Internatioiial  Geological  Congress,  1900,  p.  806. 
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The  inclusion  of  isolated  minerals  in  toffs  and  Tolcamo  necks  has 
pusszled  many  students  of  volcanic  phenomena.  In  the  first  place 
their  origin  is  obscure,  as  often  they  cannot  be  traced  to  any  known 
rocks ;  and  in  the  second  place,  even  if  they  are  known  in  the 
associated  igneous  rocks,  their  size  is  still  a  puzzle.  Sir  A.  G^ie 
says:^  ''The  crystals  in  question  seem,  however,  to  point  tx>  some 
chemical  process  still  unknown,  which,  in  the  depths  of  a  Tolcanie 
focus,  under  conditions  of  pressure  and  temperature  which  we  may 
speculate  about  but  can  perhaps  hardly  ever  imitate  in  our  lahoratorieSi 
leads  to  the  elaboration  of  the  diamond,  garnet,  sahlite,  smaragdite, 
zircon,  and  other  minerals."  The  case  of  the  Kakanui  breccia  diows 
at  least  that  the  majority  of  these  minerals  so  often  found  in  toffs, 
including  the  refractory  garnet,  do  form  in  homoeogenous  nodoles  from 
the  volcanic  magma.  One  may  even  speculate  that  the  origin  of 
the  minerals  of  the  Kimberley  diamond  pipes  is  doe  to  the  same 
process,  and  that  the  associated  rocks  may  be  in  large  part  of  tiie 
nature  of  homoeogenous  inclusions. 

Somxogenous  Inclusion  in  Qreemtone  Silly  Cudden  Point,  Comwuti, 

In  his  discussion  of  inclusions  Lacroix  has  wisely  confined  himself 
almost  entirely  to  the  younger  volcanic  rocks  in  order  to  eHminate  all 
phenomena  due  to  later  alteration.  Now  that  his  conclusions  aie  weU 
established  it  is  of  interest  to  study  those  of  the  older  volcanics  at 
well.  The  West  Cornish  greenstones  are  very  free  from  indusions,  it 
we  except  veining  from  the  granite  contacts,  but  in  that  of  Codden 
Point  I  have  found  large  blocks  of  homoeogenous  inclusions.  The  sill 
itself  has  been  profoundly  affected  by  pressure  and  secondary  changes, 
and  near  its  lower  boundary  consists  practically  of  a  schist  formed  of 
fibrous  hornblende  and  zoisite,  but  the  original  rock  was  probably  an 
ophitic  dolerite.  The  inclusions  have  suffered  also  from  these  changes^ 
but  not  nearly  to  the  same  extent.  They  have,  as  it  were,  formed 
eyes  {Attgen)  during  the  production  of  the  schist.  They  still  contain 
the  original  augite,  ophitically  enclosing  large  plates  of  plagiodase 
felspar,  which  is  the  predominant  element  of  the  rock.  In  the 
absenoe  of  Carlsbad  twins  Levy's  exact  method  is  not  available,  while 
the  largest  angles  of  extinction  observed  on  symmetrically  Iving 
albite-lamellse  amount  to  12^.  This  would  indicate  a  basic  oligoclase, 
but  it  is  unlikely  that  the  felspar  is  so  acid.  One  or  two  of  the 
crystals  show  a  slight  zonary  banding. 

The  effects  of  crushing  are  seen  in  the  bending  of  the  lamelln  of 
the  felspars  and  local  comminution  with  production  of  a  gianolitio 
structure.     One  augite  crystal  is  neatly  faulted. 

Secondary  changes  are  the  production  of  numerous  granules  of 
jioisite  in  the  felspars,  and  in  the  growth  of  a  colouiless  fibrous 
hornblende  from  the  augite  along  its  boundaries  and  in  its  cleavage 
cracks.     Small  fibres  exist  also  in  the  felspars. 

'   I.oc.  cit.,  vol.  i,  p.  C2. 
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II.    Woo]>8Towir  to  Passage  East. 

By  F.  B.  Cowpu  Rud,  M.A.,  F.G.S.,  •!€. 

ON  a  preyious  oocasioQ  (Gsol.  Mao.,  Deo.  V,  Vol.  lY,  1907, 
pp.  17-20)  aa  aooount  was  given  by  the  author  of  Fomaght 
Strand  in  the  estuary  of  the  River  Suir;  and  the  nature  and 
development  of  the  drift  deposits  further  up  the  river  may  now  be 
desoribed. 

On  the  north  side  of  Enockavelish  Head  (which  bounds  Fomaght 
Strand  on  the  north),  the  coast  from  Ballyglan  is  bordered  by  low  sand 
dnnea  for  a  distance  of  about  a  mile  and  a  half,  and  there  is  no  oliff  or 
exposure  of  any  solid  rock,  the  old  sea  margin  being  apparently  situated 
now  some  way  inland  behind  an  area  of  more  or  less  marshy  land  at  the 
baek  of  the  dunes.  Traces  of  the  former  sea-olifl  oan,  however,  be 
xeoo^sed  here  and  there  by  a  sudden  slight  rise  in  the  ground* 
A  wide  flat  expanse  of  sand  and  mud,  known  as  Woodstown  Strandt 
is  uncovered  at  low  tide  along  this  stretch  of  coast,  extending  out 
fully  a  mile  from  high-water  mark,  but  so  far  no  trace  of  the 
submerged  forest  of  Fomaght  has  been  here  discovered. 

At  the  north  end  of  the  sand  dunes  a  low  cliff  of  drift  commenceSi 
and  increases  gradually  in.  height  till  it  ends  against  the  igneous  rocks 
of  Newtown  Head  in  the  interesting  section  given  on  p.  502.  This 
drift  cliff  for  its  whole  length  to  this  point  is  composed  of  the  ordinary 
Boulder-day  of  the  district,  capped  by  a  bed  of  sandy  yellowish  or 
whitish  marl,  1^1^  feet  thick,  free  from  included  boulders,  but  not 
otherwise  sharply  marked  off  from  the  underlying  Boulder-clay. 
Towards  the  southern  end  of  this  line  of  cliffs,  the  section  is  capped 
by  a  bed  of  recent  drifted  sand,  6  inches  to  1  foot  thick,  passing  up 
imperceptibly  into  the  subsoil  and  soil,  which  is  mixed  with  a  little 
vegetable  matter.  Occasionally  short  bands  or  isolated  patches  of 
cockle-shells  of  fairly  recent  appearance  occur  in  this  bed  at  varying 
depths  below  the  present  surface  of  the  ground.  These  accumulations 
of  shells  must  be  regarded  as  due  to  human  agency,  though  probably 
of  an  early  date. 

At  Newtown  Head  itself,  the  cliff  is  20-25  feet  high,  and  the  clayey 
bed  on  the  top  of  the  Boulder-clay  is  here  replaced  by  a  mass  of  clayey 
angular  gravel  or  rubble  devoid  of  bedding,  but  in  places  showing 
small  lenses  and  bands  of  grey  or  yellow  sand  (£).  The  rook-fragments 
composing  it  are  of  various  sizes,  and  not  sorted  or  rounded,  but  angular, 
and  of  local  origin.  Probably  we  may  regard  this  deposit  as  repre- 
senting the  Upper  Head,  washed  and  redeposited  by  rimning  water. 
Below  this  comes  the  Boulder-clay  proper  (D),  with  a  thickness  of 
about  12  feet,  but  it  wedges  out  rapidly  against  the  upward  sloping 
surface  of  the  underlying  beds.  There  seems  to  be  a  greater  number 
of  included  boulders  in  its  upper  part  (though  none  are  of  large  sise), 
aa  if  the  olayey  matrix  had  been  to  some  extent  washed  out  and 
carried  away. 

Immediately  beneath  the  Boulder-clay  is  a  thin  but  fairly  con- 
tinuous bed  of  light-coloured  sand,  varying  from  2  inches  to  1  foot  in 
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thickness  (C),  and  dipping  down  seawards  at  an  angle  of  about  20^, 
roughly  parallel  to  the  eroded  surEaee  of  the  solid  rock  on  which  the 
whole  series  of  drift  deposits  rests.  This  sandy  bed  cannot  be 
regarded  as  equivalent  to  the  *  Blown-sand',  of  the  Cork  district 
described  by  Messrs.  Wright  &  Muff,  for  the  latter  occurs  beneath  the 
Lower  Head,  while  at  Newtown  Head  it  rests  upon  the  Lower  Head  (B). 
It  must  be  regarded  as  marking  a  local  episode  on  a  sandy  shore 
before  the  deposition  of  the  Boulder-clay  (B).  The  true  Lower  Head  of 
l^ewtown  Head  occurs  immediately  beneath  this  layer  of  sand,  and  is 
composed  of  large  angular  fragments  of  the  solid '  greenstone '  on  which 
it  reposes,  imbedded  in  a  very  scanty  sandy  matrix.  The  blocks  are 
quite  irregular  in  size  and  arrangement,  and  are  all  angular  and 
usually  large,  measuring  up  to  one  foot  or  more  in  length,  but  in  one 
spot  the  fragments  are  of  a  smaller  and  more  uniform  size  and  show 
rough  bedding.  This  mass  of  Head  (B)  rests  on  an  uneven  hummocky 
but  rounded  surface  of  'greenstone'  (A),  and  measures  about  6  feet  thick 
at  its  maximum,  being  banked  up  against  the  old  pre-glacial  sloping 
cliff  and  spread  over  the  irregular  rock-platform.  In  this  instructive 
section  at  this  point  the  Lower  Head  is  seen  to  thin  out  rapidly  to  the 
east,  so  that  the  Boulder-clay  overlaps  it  and  comes  to  rest  directly  on 
the  solid  greenstone. 


Section  of  Clifp  at  Newtown  Head. 

A.  Solid  greenstone  with  eroded  upper  surface. 

B.  Coarse  angular  head,  composed  of  unworn  fragments  of  the  onderljing  rock  in 

scanty  sandy  matrix.     =t  6  feet  thick. 

C.  Light-coloured  sand.     2  inches  to  1  foot  thick. 

D.  Boulder-clay,  more  stony  at  top,  up  to  12  feet  thick. 

E.  Sandy  and  clayey  angular  gravel,  occasionally  bedded  with  some  lenses  of  pore 

sand ;  rests  on  irregular  surface  of  Boulder-day.     1^  to  4  feet  thick. 
P,     Surface  soil. 

On  the  north  side  of  the  headland  the  present  cliff  face  is  chiefly  of 
solid  rock  and  is  much  obscured  by  vegetation.  Coarse  angular 
rubble-drift  may  be  seen  in  places  near  the  top  of  the  cliffs  resting 
on  the  Ordovician  rocks,  and  the  subsoil  frequently  contains  a  layer  of 
cockle-shells.  The  Boulder-clay  reappears  in  about  300  yards  at  the 
top  of  the  cliff,  and  rapidly  increases  in  thickness  northwards  by 
descending  to  the  present  beach-level  or  neai'ly  so,  being  as  much  as 
20  feet  thick  and  forming  practically  the  entire  face  of  the  cliff  all 
the  way  to  Kaheen  Stream.     A  layer  of  sandy  clay  or  marl  containing 


F.  R.  Cowper  Reed— The  Coast  of  Waterford.  603 

few  or  no  stones  overlies  it  with  a  thickness  of  1-1^  feet,  as  on  the 
south  side  of  the  headland.  At  the  spot  where  the  fossiliferous 
Kaheen  Shales  are  exposed  on  the  foreshore  the  recent  removal  of 
shingle  and  slipped  material  from  the  hase  of  the  cliffs  which  has  heen 
obscured  in  former  years  has  exposed  in  section  the  pre-glacial 
platform  and  the  deposits  immediately  overlying  it.  This  platform 
is  cut  across  the  edges  of  the  steeply-inclined  Ordovician  beds 
elsewhere  described,  and  its  surface  forms  a  fairly  regular  and 
horizontal  line  in  the  face  of  the  cliff  about  3  feet  above  its  base. 
The  height  of  this  rock-platform  above  the  present  high- water  mark 
seems  only  3-4  feet,  and  its  upper  1-1^  feet  is  somewhat  shattered 
and  rotten,  though  the  line  of  demarcation  from  the  drift  deposits  is 
always  sharp  and  clear.  In  one  place  a  small  stream  runoing  down  to 
the  present  seashore  has  cut  a  narrow  gully  through  the  Boulder-clay, 
but  its  vertical  corrosion  has  been  stopped  by  the  pre-glacial  platform 
so  that  it  falls  over  its  eroded  edge  in  the  cliff  in  a  small  waterfall. 

There  is  a  layer  of  angular  d6bri8  here  and  there  resting  on  the 
platform,  composed  of  small  angular  fragments  of  the  underlying 
rock,  but  in  several  places  bedded  sandy  fine  shingle  or  sand  with 
larger  well-rolled  beach  pebbles  in  it  is  found  to  a  thickness  of  2  feet. 
The  Boulder-clay  rests  directly  on  it,  and  contains  near  its  base  a  few 
large  rounded  or  subangular  boulders  (some  as  much  as  3  feet  in 
diameter)  of  the  local  Old  Bed  Sandstone  or  local  igneous  rocks,  but 
no  true  Lower  Head.  Probably  the  absence  of  the  Lower  Head  may 
be  explained  by  .the  fact  that  the  pre-glacial  cliff  lies  now  some 
distance  inland  and  that  the  Head  did  not  extend  far  out  from  its 
foot,  while  here  we  are  dealing  with  the  more  seaward  portion  of  the 
platform.  In  most  cases  the  Boulder-clay  rests  here  immediately  on 
the  solid  rock  without  any  intervening  deposit.  The  activity  of  post- 
glacial coastal  erosion  at  this  point  and  the  non-resistant  character  of 
the  rocks  are  illustrated  by  the  solid  rock  of  the  old  pre-glacial 
platform  being  cut  back  as  rapidly  as  the  drift  cliffs,  so  that  they  are 
both  exposed  in  section  in  one  and  the  same  vertical  face.  But  where 
the  rocks  are  of  a  tougher  nature  traces  of  the  old  platform  extend 
over  the  foreshore  as  irregular  ridges  and  reefs  of  rock. 

On  the  north  side  of  Baheen  stream,  which  has  cut  down  right 
through  the  platform  to  the  present  sea-level,  there  is  an  excellent 
exposure  of  the  platform,  for  it  forms  a  flat-topped  shelf  several  yards 
wide  jutting  out  on  the  foreshore  at  the  base  of  the  present  cliffs  of 
drift,  and  has  not  been  so  much  eroded  or  dissected  as  a  little  further 
south.  It  is  here  cut  across  the  edges  of  the  nearly  vertical  slates 
and  flags,  almost  at  right  angles  to  their  strike,  and  its  level  surface 
has  2-3  feet  of  coarse  angular  debris  (Lower  Head)  of  the  same 
rocks  resting  upon  it  and  capped  by  the  usual  Boulder-clay. 
About  half-way  between  the  gap  at  Raheen  Bridge  and  the  gully  of 
Carey's  Stream  we  find  a  true  beach  deposit  on  the  platform  in  the 
shape  of  well-rounded  pebbled  cemented  together  in  a  little  coarse  sand. 
The  Boulder-clay  reposing  directly  on  these  deposits  is  of  a  reddish 
colour  and  marly  character,  and  contains  few  stones;  it  averages 
2-3  feet  in  thickness,  but  generally  it  passes  up  into  the  normal  typo 
of  Boulder-clay  except  from  the  spot  where  this  beach  deposit  occurs. 
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At  this  point  the  reddifih  clay  is  succeeded  by  a  sharply  marked  off  band 
of  greyiifh  clay  1^2  feet  thick,  characterised  by  containing  nomerons 
angular  fragments  of  black  or  greenish  slate,  mostly  small,  but  scaroely 
any  fragments  of  Old  Bed  Sandstone.  Northwards  this  slaty  deposit 
assumes  a  definitely  bedded  character  with  a  sandy  or  marly  matrix, 
at  the  same  time  increasing  in  thickness  till  about  half-way  between 
Baheen  and  the  Cable  Station  it  is  quite  6  feet  thick,  with  the  upper 
part  composed  of  rather  large  angular  fragments  4—8  inches  l<mg  of 
banded  purple  and  green  slates  lying  flat  and  horizontal  with  little 
finer  matrix  between  them,  the  lower  portion,  however,  still  oonsisting 
of  smaller  and  more  scattered  chips  of  slate  in  bedded  sandy  day. 
Boulder-day,  1-2  feet  thick,  of  somewhat  variable  character,  lies 
beneath  it,  resting  directly  on  the  platform  without  the  intervention 
of  any  true  'head,'  but  here  and  there  a  thin  black  layer, 
2-8  inches  thick,  ftill  of  small  rounded  pebbles  and  angular  chips 
of  slate  cemented  together,  adheres  to  the  platform,  and  seems  to  be 
a  local  modification  of  Messrs.  Wright  &  Muff's  '  ferricrete.'  The 
bedded  slaty  deposit  thins  out  before  we  reach  the  Gable  Station,  and 
the  Boulder-clay  forms  the  whole  cliff  30^0  feet  high.  Thin  bai^ 
of  reddish  or  ochreous  clay  2-4  inches  thick  can  here  and  there  be 
distinguished  near  the  base  of  the  cliffs  in  the  Boulder-clay,  but  only 
persist  for  a  few  yards.  The  rubble  drift  on  the  top  of  the  cliffs  ii 
usually  thin,  but  rests  on  a  somewhat  irregular  surface  of  Boulder-day. 
Landslips  and  vegetation  much  obscure  t^e  section  beyond  the  Cable 
Station,  but  the  cliffs  steadily  decrease  in  height,  owing  to  the 
reduction  in  thickness  of  the  Boulder-day,  and  below  Grooke  Chapd 
they  are  only  6-8  feet  high.  About  100  yards  north  of  Grooke  the 
solid  rock  of  the  old  platform  appears  on  the  beach  close  under  the  low 
cliffs,  being  disclosed  in  patches  between  the  shingle ;  it  consists  of 
greenish-grey  and  sea-green  shales,  dates  and  flags  in  thin  alternating 
layers ;  soft  purple  shales  and  fine-grained  purple  flags  are  intercalated 
a  little  further  north  in  beds  ^  inch  to  3  inches  thick,  alternating  with 
the  greenish  beds.  These  aU  dip  regularly  at  80^  in  a  generd 
northerly  direction  or  are  vertical.  The  Boulder-clay  apparently  rests 
directly  on  this  platform,  but  the  latter  soon  is  lost  to  dght,  and  our 
interest  is  concentrated  on  the  cliffs,  which  begin  to  increase  in  hei^t, 
and  in  which  the  Boulder- clay,  capped  by  about  2  feet  of  rubble  drift 
and  subsoil,  is  remarkable  for  the  large  number  of  huge  boulders 
imbedded  in  it.  Many  of  these  are  of  non-local  rocks  (granites, 
quartzites,  etc.),  and  these  are  more  or  less  rounded  and  reach  a  size 
of  as  much  as  2^-4  feet  in  length.  The  masses  of  the  Old  Red 
Sandstone  breccia  are  angular  and  even  larger  in  size. 

A  most  varied  series  of  the  non-locd  rocks  can  be  easily  collected 
out  of  the  Boulder-clay  here,  and  the  beach  is  strewn  with  similar 
boulders  of  all  sizes  derived  from  the  cliffs.  About  nine-tenths  of  the 
larger  blocks  are  of  the  local  Old  Bed  Sandstone  beds,  but  examples  of 
the  Ordovidan  rocks,  igneous  and  sedimentary,  of  co.  Waterford  itself 
(i  e.  of  the  country  to  the  west)  are  remarkably  rare. 

A  few  blocks  of  the  felsites  and  other  igneous  rocks  (especially  the 
nodular  perlitic  felsite  of  Baheen  gap). have  been  drifted  up-stream 
from  Newtown  Head,  hut  only  occur  on  the  beach  and  not  in  the 
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Boalder-olay ;  moreover,  their  unworn  condition  generally  enables 
them  to  be  easily  recognised. 

Of  the  non-local  sedimentary  rocks  the  commonest  are  white,  grey, 
or  yellowish  fine-grained  quartzites  occurring  as  well -rolled  and 
rounded  boulders  up  to  a  foot  in  diameter.  Some  coarser-grained 
qnartsose  grits  may  also  be  occasionally  found. 

Blocks  of  Carboniferous  Limestone  in  a  well-rounded  condition  are 
frequent;  they  are  usually  of  a  dark  bituminous  variety,  and  often 
eontain  fossils  \L%tha9trotum^  Frodueius,  etc.))  and  some  of  these  boulders 
measure  two  feet  in  length.  A  pale-grey  crinoidal  limestone  from  the 
Carboniferous  Series  is  sometimes  found.  Pieces  of  chert  are  rare, 
and  no  flints  such  as  Messrs.  Wright  and  MufE  have  described  on  the 
Wexford  coast  have  been  observed. 

Of  the  non-local  igneous  rocks  a  rather  coarse-grained  but  non- 
porphyritic  grey  granite  occurs  rather  plentifully  in  much  rounded 
DoulderB  and  subangular  blocks  of  all  sizes,  and  it  seems  identical 
with  the  Mt.  Leinster  granite.  Boulders  of  pink  granite  of  two  or 
three  varieties  are  much  less  common.  A  greyish  granophyre  or  micro- 
granite  is  as  abundant  as  the  grey  granite;  and  likewise  blocks  of 
a  diorite,  several  gabbros,  coarse  porphyritic  diabases,  aplites,  quartzose 
schists,  schistose  felsites,  gneisses,  augen-gneisses,  vem-quartz,  vein- 
brecciasy  etc.,  may  be  extracted  out  of  tiie  cliffs  in  a  more  or  less  worn 
and  rounded  condition. 

The  derivation  of  this  varied  assortment  of  non-local  rocks  from  the 
area  to  the  north  (Wexford,  Kilkenny,  Wicklow,  etc.)  cannot  be 
doubted,  and  the  Boulder-clay  which  contains  them  must  be  regarded 
as  the  deposit  of  the  inland  ice  ^  and  not  of  that  from  the  west  or  the 
Irish  Sea. 

At  a  point  about  500  yards  south  of  Passage  East,  where  the  cliffs 
of  drift  reach  a  height  of  30-40  feet,  we  notice  coming  in  at  their  base 
beneath  the  Boulder- clay  a  more  or  less  bedded  deposit  of  angular 
alabs,  flakes,  and  chips,  of  the  slates,  shales,  and  flags  of  the  pre* 
^Lacial  platform  which  was  exposed  on  the  foreshore  nearer  Crooke. 
The  fragments  are  sorted  into  fairly  uniform  sizes,  2-4  inches  in 
length,  and  lie  flat  and  closely  packed  without  much  intervening  finer 
material.  The  deposit  rapidly  increases  in  thickness  as  we  follow  it 
northwards  in  the  cliffs.  The  base  of  it  becomes  much  coarser,  the 
fragments  being  1  to  2  feet  long,  but  still  lying  flat  and  horizontal,  and 
all  consisting  of  ragged  angular  slabs  of  the  slates,  etc.  A  few  small 
rolled  pebbles  of  Old  Red  Sandstone  may  be  found  in  this  Lower 
Head,  but  they  are  very  rare.  The  upper  part  of  the  deposit,  on  the 
other  hand,  becomes  composed  of  minute  flakes  and  chips  of  soft  Old  Red 
purplish  shales  aggregated  into  a  loose  crumbling  and  unconsolidated 
mass  of  material,  without  any  appearance  of  bedding  and  extremely 
apt  to  slip  down  on  account  of  its  incoherent  character.  Near  the  base 
of  the  coarse  slaty  head  at  the  foot  of  the  cliffs  there  is  a  layer,  4  inches 
to  6  inches  thick,  of  similar  angular  fragments  cemented  together  into 
*ferricrete'  by  inflltrating  water  with  iron  oxides,  and  it  can  be 
traoed  horizontally  for  over  50  yards.     An  interesting  section  is  seen 

i  Wright  k  Muff,  Seiatit.  Proo.  Roy.  DubUn  Soc.,  vol.  x,  part  2  (1904),  p.  269. 
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here  in  the  clifPs  where  a  landslip  has  recently  occurred.  The  coarse 
angular  head  of  slate  fragments,  4-5  feet  thick,  lies  at  the  base ;  it 
passes  up  gradually  by  diminution  in  the  size  of  the  rabble  into  the 
fine  crumbling  incoherent  deposit  of  flakes  of  shale,  which  is  12-15  feet 
thick ;  above  this  comes  6  feet  of  Boulder-clay,  containing  many  large 
boulders;  and  resting  on  this  are  3^-6  feet  of  false-bedded  gravel, 
pebbly  sand,  and  lenses  of  pure  sand.  This  deposit  above  the  Boulder- 
clay  was  evidently  laid  down  by  water ;  the  pebbles  are  small  and 
well  rolled,  and  large  pebbles  are  very  rare.  Subsoil  and  soil,  to 
a  thickness  of  1-1^  feet,  lie  on  the  top  of  all. 

The  basement  bed  of  coarse  |head  contains  more  and  more  frequent 
fragments  of  the  Old  Red  Sandstone  rocks  as  we  approach  Passage; 
the  slates  become  an  insignificant  element  and  ultimately  dis- 
appear, the  head  then  consisting  of  small  angular  and  subaagnlar 
fragments  of  the  local  Old  Red  beds,  mostly  1-4  inches  in  size,  with 
very  little  clayey  matrix  and  with  occasional  huge  ragged  blocks  of 
the  Old  Red  breccia.  These  masses  become  more  common  and  the 
head  still  much  coarser  till  the  finer  material  practically  disappears, 
and  great  irregular  jagged  blocks  of  the  breccia,  some  5  feet  in  length, 
are  jumbled  together  into  a  deposit  of  8-9  feet  thick,  on  which  the 
Boulder-clay  reposes.  The  foreshore  is  strewn  with  big  boulders  and 
angular  masses  derived  from  the  cliffs.  The  platform  of  greenish  and 
purple  slates,  etc.,  on  which  the  drift  rests  is  visible  here  and  there  on 
the  beach,  but  not  above  the  present  high-water  mark. 

The  actual  pre-glacial  cliff  is  not  exposed,  and  the  section  ends 
abruptly  with  the  termination  of  the  drift  cliff  and  with  the  beginning 
of  the  sea  wall  and  embankment  along  the  south  side  of  the  low  flat 
area  on  which  Passage  village  is  chiefly  built  at  the  bend  of  the  river. 

The  hill  which  rises  250  feet  above  the  village  is  mainly  com- 
posed of  the  coarse  Old  Red  breccia,  which  enters  so  largely  into  the 
composition  of  the  Lower  Head  at  the  northern  end  of  the  section, 
dnd  the  older  slates,  etc.,  on  which  the  Old  Red  rests  with  such 
a  striking  unconformity  form  the  lowest  slopes  and  base  of  the  hill, 
and  have  furnished  the  material  for  the  other  type  of  head. 


y. — The   Inclination   of   Overfolds  in   Relation   to  the   Lajkger 

Folds  in  which  they  are  contained. 

By  George  Hickling,  B.Sc, 
Assistant  Lecturer  in  Geology  in  the  Victoria  University  of  Manchester. 

WHILE  spending  a  few  days  recently  examining  the  sections  on 
the  !?Vorth  Devon  coast,  with  a  view  to  obtaining  a  clearer 
conception  of  the  tectonic  structure  of  that  region,  I  was  deeply 
impressed  by  the  great  number  of  minor  overfolds  and  with  the  great 
uncertainty  in  the  relations  of  the  various  beds  thereby  brought  about. 
In  many  cases  where  the  dip  appears  to  be  constantly  to  the  south, 
through  a  considerable  thickness  of  strata,  closer  examination  shows 
repeated  isoclinal  folds.  The  western  face  of  Little  Hangman  HiU  at 
Combe  Martin  exhibits  such  a  condition  very  well.     Throughout  the 
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whole  coast  which  I  examined,  from  Combe  Martin  to  the  southern- 
most part  of  Bideford  Say,  the  axes  of  the  minor  folds  are  inclined  to 
the  north  in  this  way,  so  as  to  frequently  produce  the  appearance  of 
steady  southern  dip  and  greatly  to  increase  the  apparent  thickness  of 
the  strata.  In  speculating  as  to  the  possible  cause  of  the  constant 
direction  in  which  the  axes  of  these  folds  are  inclined,  an  explanation 
occurred  to  me  which  I  believe  to  be  the  correct  one,  and  which  may 
be  applied  generally  to  a  large  number  of  cases.  As  I  have  been 
tmable  to  find  it  in  the  works  I  have  been  able  to  consult,  it  may  be 
desirable  to  publish  it,  since  it  may  aid  considerably  the  elucidation  of 
the  true  structure  and  history  of  complicated  districts. 

The  one  feature  in  the  structure  of  Devon  which  admits  of  no 
dispute  is  the  broad  syndine  which  comprises  the  whole  county.  On 
this  broad  fold  those  previously  referred  to  are  superadded,  and  from 
the  parallelism  of  the  two,  and  the  fact  that  they  were  both  formed 
after  the  Culm  and  before  the  Permian,  it  is  almost  certain  that  their 
formation  proceeded  pari  passu.  How,  then,  would  the  form  of  the 
minor  folds  be  affected  by  the  fact  that  the  whole  area  was  at  the 
same  time  becoming  a  syncline  ?  It  is  obvious  that  in  a  synclinal 
fold  the  upper  beds  tend  to  be  compressed,  the  lower  ones  to  be 
extended.  Both  of  these  effects  are  resisted,  and  the  result  is  a 
sliding  of  the  beds  relatively  to  one  another  on  the  sides  of  the  fold. 
This  may  be  illustrated  admirably  by  an  experiment  described  by 
■Mellard  Reade  in  his  '* Origin  of  Mountain  Ranges"  (p.  210  and 
pi.  xlii).  A  number  of  strips  of  paper  are  laid  horizontally,  and 
their  edges  marked  across  with  vertical  lines  thus : — 


Fio.  1. — Edge-Tiew  of  pile  of  paper  strips,  with  lines  drawn  across  at  right  angles 

to  the  plane  of  the  papers.     (After  Mellard  Reade.) 

If  the  paper  is  now  forced  into  folds,  the  displacement  of  the  various 
layers  relatively  to  one  another  is  shown  by  the  fact  that  the  vertical 
lines  are  no  longer  vertical  to  the  surface  of  the  paper,  thus : — 


Pio.  2. — The  same  papers  folded,  sho*»-ing  displacement  of  lines.     (Modified  after 

Mellard  Keade.) 

The  line  starting  at  B,  for  example,  instead  of  passing  at  right  angles 
to  the  plane  of  the  strips  towards  A,  is  displaced  to  A'.  Now,  if 
these  vertical  lines  be  assumed  to  represent  the  axial  planes  of  minor 
folds,  it  is  clear  that  those  folds  will  become  asymmetrical,  their  crests 
being  forced  outwards  from  the  centre  of  the  syncline.  In  a  shallow 
syncline  the  displacement  of  these  axes  would  only  be  slight,  but, 
however  slight,  it  would  still  exist,  and  would  determine  that  the 
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folds  would  l>e  asymmetrical,  with  their  steep  sides  {aoing  away  from 
the  main  synclinal  axis,  on  either  side,  as  indicated  in  tiie  subjoined 
diagram.^ 


Fio.  3. — Showing  the  distortioii  of  minor  folds  bj  the  relstiTo  displaosaeat  of  th» 

lajeiB  in  the  larger  one. 

Let  us  now  assume  the  lateral  compression  of  the  whole  area  to 
oontinue.  What  will  be  the  result?  Either  the  general  eyncline 
may  become  deeper,  or  the  minor  folds  may  be  aooentuated.  But, 
since  the  extent  to  which  a  great  fold  can  be  raised  or  depreaaed  is 
limited,  the  latter  result  will  sooner  or  later  occur,  and  as  tiie  minor 
folds  are  accentuated  they  will  become  overfolds,  tending  more  and 
more  to  be  isoclinal  as  they  are  further  oompressed.  It  is  important 
to  notice  that  the  limh»  of  meh  tsoeUnal/oldi  will  dip  tawmtU  ik0  mxU 
of  the  major  tyndinSy  on  •ithir  »id0.  Here,  I  belieye,  we  have  the  true 
explanation  of  the  character  of  the  folds  seen  so  admirably  on  the 
North  Devon  coast. 

It  is  scarcely  necessary  to  add  that  what  has  just  been  said  of  minor 
folds  on  syncUnes  will  apply  equally,  with  suitable  modifications,  to 
minor  folds  on  anticlines.  In  the  latter  case  there  will  tend  to  be 
produced  more  or  less  isoclinal  folds  with  limbs  dipping  away  from  the 
main  anticlinal  axis.  Hence  we  may  conclude  as  an  important  general 
rule  that  th§  direction  of  dip  of  the  limbs  of  a  series  of  isoclinal  folds 
indicates  the  direction  of  dip  of  the  side  of  a  larger  fold  on  which  they 
have  been  produced.  By  this  means,  the  former  existence  of  a  great 
fold  may  be  inferred  when  the  structure  of  a  district  has  become  so 
complicated  that  direct  evidence  of  it  is  obscured  or  lost. 

For  example,  if  in  a  great  syncline  a  series  of  minor  overfolds  are 
produced  on  either  side  as  here  described,  and  the  crushing  still 
continues,  it  is  evident  that  the  sides  of  the  syncline  will  gradually  be 
pushed  in  under  the  central  portion,  and  fan-structure  will  be  the 
result.  And  thus  it  would  seem  highly  probable  that  areas  presenting 
fan -structure,  notwithstanding  the  fact  that  they  present  the  genend 
features  of  an  anticline,  and  have,  indeed,  been  aptly  described  as 
anticlinorums,  have  orig:inated  by  the  modification  of  great  synclines. 
As  my  friend,  Mr.  D.  M.  S.  Watson,  suggested  to  me,  an  analogous 
process  may  help  in  some  degree  to  explain  why  hills  have  so 
frequently  a  synclinal  structure. 

Further,  it  needs  little  consideration  to  show  that  the  direction  of 
overthrusts  will  be  governed  by  the  same  rule  that  holds  for  overfolds, 

'  This  modification  of  the  minor  folds  may  he  heautifully  demonstrated  bj  taking 
a  pile  of  sheets  of  paper  laid  flat,  drawin«^  symmetrical  conres  on  the  edges,  and  then 
folding  the  paper.  If  the  paper  is  folded  sufficiently,  beautiful  isoclinal  corral  nay 
be  produced. 
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nnce  the  Utter  pass  into  the  former.  Hence,  it  a  pair  of  overthrusts 
dip  towards  one  another,  it  is  highly  probable  tnat  the  area  they 
enclose  was  primarily  a  syncline,  or,  on  the  other  hand,  if  they  dip 
away  from  one  another,  an  anticline.  Thus,  from  the  direction  of  the 
two  great  series  of  thmst-planes  which  form  the  north-western  and 
south-eastern  boundaries  of  the  Grampians  it  seems  probable  that  that 
region  began  its  tectonic  history  as  a  syncline,  while  the  central 
lowlands,  on  the  other  hand,  would  seem  to  have  been  a  corresponding 
anticline. 

It  will  be  observed  that  the  Central  Lowlands  now  form  a  broad 
syncline.  But  that  is  just  what  should  be  expected.  From  a 
consideration  of  what  has  already  been  said  it  should  be  clear  that  the 
original  folds  tend  to  become  virtually  reversed,  the  axes  of  the 
syndines  raised,  and  the  summits  of  the  anticlines  depressed. 

No  doubt,  from  the  premises  that  the  form  of  a  minor  fold  is 
influenced  by  the  side-shift  of  superposed  beds  caused  by  the  formation 
ol  a  larger  fold  in  which  it  is  contained,  manv  more  interesting 
deductions  might  be  drawn,  but  enough  has,  I  tnink,  been  said  to 
illustrate  the  nature  and  general  effect  of  that  influence.  That  the 
relation  here  stated  is  the  only  cause  of  the  deformation  of  minor 
folds  I  would  not  wish  in  any  way  to  suggest.  The  series  of  strains 
and  stresses  set  up  in  the  terrestrial  crust  must  be  more  complex  than 
we  can  ever  hope  to  completely  disentangle.  But  I  do  maintain  that 
we  haye  here  a  distinct  set  of  effects  which  can  be  separately 
recognised  and  traced  to  a  definite  cause.  That  other  influences  must 
giTe  rise  to  irregularities  is  inevitable.  Yet  I  think  an  appeal  to  the 
rocks  shows  that  there  is  still,  in  many  cases  at  least,  a  distinctly 
recognisable  residue  of  effects  which  may  be  traced  to  this  one  cause, 
by  the  observation  and  consideration  of  which  much  help  may  be 
derived  in  the  elucidation  of  the  tectonic  history  of  complex  districts. 


xTorrzoss   OB"    2Kd[S]2id:oxx%s. 


I. — Iirnzx  GxvxBUH  xr  Spechbuic  AumcALiOM.^ 

rB  indexing  of  the  literature  for  the  second  portion  of  this  Index 
(1801-1850)  has  steadily  progressed.  Among  the  works  included 
are : — Archiv  fiir  Bergbau^  etc.,  43  vols. ;  Archiv  fiir  die  gesammte 
Naturlehre,  27  vols.;  Archiv  fiir  Naturgeschichte,  16  vols.;  Atiienseum, 
23  vols. ;  Basel,  Naturforschcnde  Gesellschaft,  8  vols. ;  Batavia,  Batav. 
Genootsch.,  16  vols.;  Beitrage  zur  Fetrefactenkunde  (Muensters); 
Berlin,  Gesellschaft  naturforschende  Preunde;    Berlin,  Bericht  und 

^  BcfpoTt  of  the  Committee,  consistiiig  of  Dr.  Hefniv  Woodward  (Chsiniuui), 
Dr.  F.  A.  Bather  (Secretarj),  Dr.  P.  L.  Sclater,  ReT.  T.  R.  R.  Stebbiiy, 
Dr.  "W.  B.  Hoyle,  Hon.  Walter  Rothschild,  and  Jjord  Walsingham.  Bt  C.  Deviea 
Sherbom,  F.6.S.,  F.Z.S.  Read  before  Section  D  (Zoology),  Britiih  Astociation,, 
Leicester,  1907. 
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Abhandlung  k.  pr.  Akad.  Wiss.,  50  vols.;  as  also  the  writings  of 
Audoiiin,  Audebert,  Audubon,  Audinet,  and  Bechstein,  a  list  which 
might  be  considerably  extended. 

The  accumulated  results  of  three  years  recording  have  now  all  been 
arranged  and  sorted  under  their  respective  genera,  and,  therefore,  one 
set  of  entries  is  now  available  for  reference  by  monographers  so  far  as 
recording  has  proceeded.  The  duplicate  set  of  entries  has  been  par- 
tially arranged  and  further  accommodation  has  been  provided  by  the 
kiniiess  of  Dr.  Smith  Woodward  in  the  Geological  Department  of 
the  British  Museum  (Natural  History),  which  has  greatly  relieved  the 
pressure  arising  from  the  steady  growth  of  material. 


II. — Investigation  of  the  Pbe-Devonxin  Beds  of  the  Msndips.^ 

fllHE  principal  objects  which  the  Committee  had  in  view  were  two 
X  in  number — (1)  To  obtain  a  further  series  of  fossils  from  the 
newly  discovered  Silurian  beds  of  the  area.  (2)  To  investigate  the 
distribution  in  the  field  of  a  peculiar  coarse  ashy  conglomerate,  and 
to  ascertain  its  relations  to  the  other  deposits  of  the  neighbourhood. 
With  these  ends  in  view  a  series  of  seven  trenches  was  dug,  and 
the  information  obtained  from  them  was  incorporated  in  a  paper  by 
the  Secretary.' 

The  most  easterly  of  these  trenches  was  dug  in  a  field  about  300 
yards  S.S.W.  of  TadhiU  Farm.  It  was  carried  to  a  depth  of  about  six 
feet,  and  after  passing  through  some  18  inches  of  surface  material, 
entered  a  deposit  consisting  mainly  of  very  fine  yellow  and  brown  ash, 
with  subordinate  bands  of  coarse  ash.  Many  of  the  bands  were 
crowded  with  fossils,  which  were  identified  by  Mr.  F.  R.  C.  Eeed.* 
The  series  of  fossils,  though  undoubtedly  Silurian,  and,  in  Mr.  Beed's 
opinion,  probably  of  Upper  Llandovery  age,  was  insufficient  to 
determine  the  point  with  certainty. 

A  second  trench  dug  at  a  point  about  100  yards  to  the  north  of  that 
in  the  fossiliferous  tuff  proved  to  be  in  trap  (pyroxene  andesite). 

The  remaining  tive  trenches  were  all  dug  in  the  neighbourhood  of 
the  rifle  butts  on  Beacon  Hill  (about  a  quarter  of  a  mile  to  the  north 
of  Beacon  Farm),  where  the  coarse  ashy  conglomerate  was  originally 
exposed  in  a  target  pit.  Four  trenches  dug  at  different  points  in  the 
neighbourhood  of  the  rifle  butts  showed  that  the  coarse  ashy  con- 
glomerate here  probably  occupies  the  whole  area  between  the  northern 
and  southern  outcrops  of  the  Old  Red  Sandstone.  A  fifth  trench  was 
opened  on  the  slope  of  the  liill  to  the  north  of  the  rifle  butts,  but 
after  passing  through  nine  feet  of  Old  Red  Sandstone  this  trench  was 
abandoned. 

*  Report  of  the  Committee,  consisting  of  Mr.  H.  B.  Woodward  (Chaimun), 
Professor  C.  Lloyd  Morpun,  the  Rev.  11.  H.  "Winwood,  and  Ftofeasor  S.  H. 
Reynoldd  (Seeretarv).  (Drawn  up  by  the  Secretary.)  Read  before  Section  C 
(Geology),  British  dissociation,  Leicester,  1907. 

'  Puhlisbed  in  the  Quart.  Journ.  Geol.  Soc,  roL  Ixiii  (1907),  pp.  217-238. 

3  See  list,  op.  cit.,  pp.  226-227. 
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III. DSSEBI    COKDITIONS    AND    THB    OrIOIN    OF    THS    BRITISH   TlLIAS.^ 

By  J.  LoMAs,  A.R.C.S.,  F.G.8. 

IT  is  now  generally  conceded  that  the  Triassio  rocks  of  our  Islands 
are  not  of  marine  origin,  hut  true  continental  deposits,  and  the 
view  has  of  late  gathered  strength  that  the  climate  was  arid  when 
they  were  laid  down.  We  can  only  hope  to  reach  a  safe  conclusion 
hy  a  critical  examination  of  existing  deserts.  Let  us  confine  ourselves 
to  a  consideration  of  the  activities  now  at  work  in  some  typical  sandy 
deserts,  such  as  we  suppose  to  have  existed  in  Triassic  times. 

Sajcdt  Deserts. 

RainfaU, — As  a  rule  sandy  deserts  are  characterised  by  a  low 
rainfall,  and  their  distribution  is  in  general  either  on  the  leeward 
sides  of  mountain  ranges  or  in  valleys  and  plateaux  between  such 
ranges.  In  Northern  Egypt  the  precipitation  ranges  from  0*27  inch 
at  CairOy  to  1*1  in.  at  Suez,  2-1  in.  at  Ismailia,  3*4  in.  at  Fort 
Said,  and  8*1  in.  at  Alexandria.  In  South  California  and  West 
Arizona  certain  regions  have  a  mean  annual  rainfall  of  less  than 
2  inches.  In  the  Karoo  the  precipitation  varies  from  8*65  inches  at 
Steotleville  to  18-76  in.  at  Graaff-Reinet  (Buchan).  In  the  Kalahari 
desert  from  3*79  in.  at  Fella  to  41*10  in.  at  Filgrims  Best.  On  the 
west  coast  of  Africa  from  2*11  in.  at  Fort  Nolloth  to  8*37  in.  at  Clan 
WiUiam. 

Examples  need  not  be  multiplied;  those  quoted  are  sufficient  to 
show  that  the  amount  is  generally  small  and  varies  very  considerably 
in  different  places.  An  equally  important  consideration  is  the  time 
during  which  rain  falls.  If  the  precipitation  is  confined  to  one 
season  and  for  the  rest  of  the  year  there  is  little  or  no  rain,  desert 
conditions  may  exist,  although  the  annual  rainfall  is  comparatively 
large.  During  the  wet  season  the  ground  may  bo  well  watered, 
and  streams  of  torrential  size  flow  over  the  country,  but  the  water 
is  soon  lost  by  percolation  or  evaporation  and  none  is  stored  up  to 
water  the  land  in  time  of  drought. 

Vegetation  is  either  very  scant  or  absent,  and  the  lack  of  vegetable 
mould  diminishes  the  power  of  the  soil  to  retain  moisture.  Frofessor 
1^.  S.  Shaler  (U.S.  Geol.  Surv.  12th  Report)  points  out  too  that  the 
absence  of  vegetable  mould  commonly  causes  the  soil  to  present  a  dense 
baked  surface  which  sheds  rain  like  a  roof. 

Streams  of  Desert  Regions. — In  South  Africa  during  the  dry  season 
we  often  come  across  deep  watercourses  excavated  during  the  time 
of  the  seasonal  rains  but  now  perfectly  dry.  Their  beds  are  covered 
with  well-rounded  boulders  of  such  a  size  as  to  indicate  that  torrents 
must  have  flowed  down  the  courses  in  order  to  move  them.  Towards 
the  mountains  the  banks  become  steeper  and  loftier,  while  in  the 
direction  of  the  plain  the  valley  merges  into  the  general  outlines  of 
the  veldt,  and  at  the  junction  it  is  marked  by  a  spread  of  pebbles. 
In  the  Libyan  and  Algerian  deserts  similar  watercourses  are  found 
in  the  neighbourhood  of  their  enclosing  mountains.     They  are  liable 

»  Proc.  Lirerpool  Geol.  Soc,  vol.  x,  pt.  3,  1907,  pp.  172-180 ;  slightly  abridged. 
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to  floods  of  BO  sudden  appearance  and  of  such  torrential  Tiolence  that 
people  engaged  in  gathering  firewood,  brought  down  by  former  floods, 
are  sometimes  overtaken  and  have  no  chance  of  escape.  At  one  time 
the  bed  may  be  perfectly  dry  and  a  moment  later  it  is  filled  with 
a  rapid  stream  hundreds  of  feet  wide.  In  India  these  sudden  floods 
are  sometimes  miles  in  width ;  they  have  no  defined  channel,  but  flow 
like  a  sheet  over  the  land. 

It  is  worth  while  at  this  stage  to  picture  what  kinds  of  deposits  are 
being  formed  under  the  conditions  just  described.  While  the  main 
portion  will  be  composed  of  sand  tnere  will  be  included  at  various 
horizons  patches  of  gravel,  lenticular  in  shape  and  of  limited  extent 
I  have  seen  sections  through  such  deposits  in  a  dry  donga  near  Tintas 
Kopje  in  the  Vryheid  district,  and  again  in  railway  cuttings  when 
traversing  the  Eastern  desert  of  Egypt  between  Ismailia  and  Cairo. 
The  pebble  bands  varied  from  a  few  inches  to  4  or  5  feet  in  thickness, 
and  in  my  notebook  is  an  entry  **  exactly  like  our  Bunter."  How- 
ever,  we  shall  return  to  that  later.  I  only  wish  at  present  to  record 
the  impression  made  on  me  at  the  time. 

What  heeomes  of  the  water  ?— The  water  flowing  over  the  sand  may 
be  disposed  of  in  three  ways.  CI)  It  mav  percolate  under  the  sor&ce ; 
(2)  it  may  be  evaporated ;  (3)  it  may  lodge  in  pools  or  lakes  in  places 
which  are  below  the  general  level  of  the  country. 

(1)  Percolation, — It  has  been  known  for  a  long  time  that  under  the 
dry  baked  sands  of  the  desert  there  commonly  exists  a  great  store  of 
water,  which  only  needs  to  be  tapped  in  order  to  be  available  for  use. 
In  the  Sahara  artesian  wells  were  sunk  by  the  Greeks  and  Bomans. 
In  Algeria  a  class  of  men  called  Meallem  were  formerly  employed  as 
water-finders,  and  another  class — the  E'tassin — were  engaged  in  the 
construction  and  cleaning  out  of  wells.  Their  methods  were  primitive 
and  involved  great  dangers.  Since  the  French  occupation  more 
scientific  appliances  have  been  introduced,  and  the  fringe  of  fertile 
soil  on  the  margin  of  the  great  Sahara  is  gradually  being  extended 
southwards.  In  sinking  the  dry  sand  is  penetrated  until  an  im- 
permeable clay  or  pan  is  reached.  On  piercing  this  the  water  rises, 
sometimes  with  sufficient  force  to  reach  the  surface.  The  depth  of 
the  impermeable  layer  varies  from  a  few  feet  to  hundreds  of  feet, 
and  striking  differences  of  level  may  be  encountered  within  a  short 
distance. 

The  condition  of  the  water  below  the  impervious  bands  must 
necessarily  be  largely  a  matter  of  inference.  We  naturally  want  to 
know  whether  it  is  stagnant  or  flowing,  and  whether  it  is  canying 
substances  in  solution  and  depositing  these  round  the  sand  grains  and 
thus  cementing  them  into  compact  rock.  If  the  water  is  flowing  it 
must  trend  towards  an  outflow,  and  if  this  is  restricted  in  area  there 
must  be  definite  lines  along  which  the  water  runs.  The  stream  lines 
will,  under  these  circumstances,  be  convergent  towards  the  outfall, 
and  the  water  outside  the  cone  of  flowing  water  may  be  stagnant. 

That  subterranean  streams  of  fresh  water  do  flow  into  the  Red  Set 
from  the  desert  is  certain,  and  opposite  their  mouths  the  coral  growth 
round  the  coast  is  interrupted.  Some  of  these  streams  have  been 
traced   underground   for  great  distances   almost  to  the  base  of  the 
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Abyssmian  motintaina.    The  wells  in  the  oases,  too,  must  be  fed  from 
the  same  source. 

Similar  lines  of  flow  of  percolating  water  can  be  traced  in  onr  local 
Triassic  rocks.  Sometimes  they  show  themselves  by  a  deeper  staining, 
and  in  extreme  cases  the  grains  of  sand  have  become  so  heavily  charged 
with  interstitial  matter  that  they  have  formed  pipes,  the  interior  of 
which  is  dark  brown  or  even  black,  while  the  sand  surrounding  is 
almost  white. 

(2)  ^aporatian. — Another  way  in  which  the  water  flowing  from 
the  high  groimds  is  disposed  of  is  by  evaporation.  The  amount  of 
evaporation  is  largely  dependent  on  the  relative  humidity  of  the  air. 
Over  the  oceans  the  air  may  be  approximately  saturated,  but  in 
deserts  the  amount  is  commonly  as  low  as  20  per  cent,  of  the  total 
capacity  of  the  air  to  hold  moisture.  At  Assuan  it  is  38  per  cent,  for 
the  year,  varving  from  29  per  cent,  in  Summer  to  51  per  cent,  in 
Winter.     At  Wadi  Haifa  the  average  for  the  year  is  32  per  cent. 

When  the  air  is  not  saturated,  there  is  a  constant  exchange  of 
water  from  the  land  to  the  atmosphere,  and  this  results  in  evaporation 
at  the  surface  and  a  creep  of  water  from  below  owing  to  capillary 
action.  Mineral  substances  contained  in  solution  are  disengaged  from 
the  water  on  evaporation  at  the  surface,  and  the  soils  in  course  of  time 
become  charged  with  saline  matter.  In  this  way  the  'sour'  or 
'  alkaline '  soils  have  their  origin. 

The  nature  of  the  encrustation  will,  of  course,  depend  on  the 
composition  and  the  amount  of  salts  which  the  water  holds  in  solution, 
and  these  again  ore  dependent  on  the  nature  of  the  rocks  over  which 
the  water  passes.  Potash  and  soda  salts  are  common  encrustations  in 
some  regions,  and  they  are  often  associated  with  the  carbonates  and 
sulphates  of  the  alkaline  earths.  The  former  may  be  redissolved  and 
partly  removed  in  the  rainy  season,  but  the  salts  of  the  alkaline 
earths  will  be  effected  only  to  a  very  slight  extent  and  will  tend 
to  accumulate.  A  very  instructive  example  of  this  occurs  in  the  dry 
donga  near  Yryheid  mentioned  above.  Near  the  surface  the  sands  are 
coated  with  carbonate  of  lime.  Sometimes  there  appear  embedded  in 
the  sand  roundish  balls,  ranging  from  the  size  of  a  marble  to  that  of 
a  man's  head.  In  other  places  limestone  of  a  compact  texture  and 
not  enclosing  sand  forms  a  continuous  layer  on  the  surface  of  the 
ground. 

At  Croft,  near  Leicester,  a  calcareous  crust  exactly  resembling  that 
found  in  deserts  occurs  on  the  surface  of  the  underlying  igneous  rock, 
and  the  covering  Eeuper  marls  are  strongly  impregnated  with  lime 
salts. 

(3)  Desert  Pools  and  Lakes,  —  Looking  across  a  vast  expanse  of 
desert  the  monotony  of  the  scene  tends  to  dwarf  the  sense  of  vertical 
height.  With  no  outstanding  features  to  rivet  the  attention  of  the 
eye  the  rolling  dunes  or  naked  rook  give  the  impression  of  a  level 
landscape.  As  a  matter  of  fact  the  desert  has  its  hUls  and  its  hollows, 
its  crags  and  its  ravines.  In  some  of  these  hollows,  enclosed  in  a  net- 
work of  dunes  or  in  rocky  basins,  water  tends  to  accumulate  and  form 
pools  or  lakes.  They  may  be  fed  by  rain,  by  water  percolating 
through  the   surface   sand,   or  by  streams  flowing  from  the  hills. 
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Often  they  have  no  outlet,  and  then  the  water  can  only  be  lost  by 
evaporation.  They  are  full  to  overflowing  when  the  seasonal  rains 
fall)  but  during  the  long  drought  the  waters  gradually  diminish,  and 
in  many  instances  totally  disappear. 

The  water  which  finds  its  way  into  these  pools  or  lakes  brings  with 
it  matter  in  suspension  and  in  solution.  The  former  settles  at  the 
bottom  as  a  fine  mud.  The  mud,  on  drying,  shrinks  and  forms 
the  triradiate  cracks  characteristic  of  contracting  sheets ;  it  receives 
the  imprints  of  animals'  feet  when  they  come  to  drink,  and  the 
impressions  of  rain  when  it  falls. 

The  mud  from  the  margin  of  a  partially  dried  up  vley  at  Biverton 
in  South  Africa  shows  all  these  features,  and  in  addition  it  contains 
vast  quantities  of  the  carapaces  of  £»theria,  a  tiny  Crustacean  which 
has  its  proper  habitat  in  such  surroundings.^ 

The  matter  brought  into  the  pools  in  solution  will  tend  to 
concentrate  as  the  water  diminishes,  and  on  complete  drying,  deposits 
of  salt,  gypsum  and  other  salts  will  be  left  behind. 

The  salinity  of  the  water  will  vary  with  the  season.  Thus,  pools 
in  the  Rajputana  desert  in  India  are  fresh  for  two  or  three  months 
in  the  year.  One  constantly  comes  across  contradictory  statements  in 
reading  books  of  travel  as  to  the  salinity  or  otherwise  of  certain 
lakes.  The  observations  may  be  right  in  each  case  if  the  travellers 
visited  the  lakes  at  different  seasons  of  the  year. 

(To  be  concluded  in  our  next  Number,] 
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Memoibs  of  the  Geological   Subvet. 

I.— The  Geology  of  the  South  Wales  Coalfield.  Part  VII:  The 
Country  abound  Ammanford.  By  Dr.  A.  Strahak,  F.R.S., 
T.  0.  Cantrill,  B.Sc,  E.  E.  L.  Dixon,  B.Sc,  and  H.  H.  Thomas, 
B.Sc.  Text,  pp.  246,  with  12  illustrations,  price  2».  6d.  Colour- 
printed  maps,  Sheet  230,  Drift  and  Solid,  1«.  6d.  each. 

Part  VIII :  The  Country  around  Swansea.  By  Dr.  A. 
Strahan,  with  parts  by  R.  H.  Tiddeman,  M.A.,  Dr.  W.  Gibson, 
and  E.  E.  L.  Dixon,  B.Sc.  Text,  pp.  170,  with  4  illustrations 
and  5  plates,  price  2«.  6d.  Colour-printed  maps,  Sheet  247, 
Drift  and  Solid,  Is.  6d.  each. 

WITH  the  publication  of  these  Memoirs  and  that  of  Part  IX 
(West  Gower)  already  noticed  in  the  Geological  Maoazink 
(August,  1907,  p.  371)  we  witness  the  completion  of  the  survey  of 
the  main  portions  of  the  great  South  Wales  Coalfield,  and  Dr.  Strahan 
is  to  be  congratulated  on  the  progress  thus  made  in  a  task  in  which 
he  has  taken  the  prominent  part  and  has  personally  superintended. 

1  *'  Habitat  of  EsthnHa  "  :  Trias  Report,  British  Association,  1905 ;  and  Mono^. 
Pal.  Soc,  1862,  p.  57. 
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The  area  of  Coal-measures  included  in  the  maps  before  us  and 
described  in  these  Memoirs  was  originally  surveyed  by  Sir  William  E. 
Logan ;  and  the  results  of  his  labours  were  generously  placed  at  the 
service  of  De  la  Beche,  who  surveyed  portioAs  of  the  Lower 
Carboniferous  rocks  and  Old  Red  Sandstone.  Aid  was  also  received 
from  John  Phillips  among  the  Lower  Paleeozoic  rocks. 

The  results  of  the  recent  survey  on  the  six-inch  scale  show  a  great 
advance  in  methods  and  details,  in  the  determination  of  the  numerous 
lines  of  fault,  and  in  the  mapping  of  the  superficial  deposits.  These 
advances  are  shown  perhaps  more  conspicuously  in  the  Ammanford 
area,  where  Cambrian  (Tremadoc)  rocks  have  been  recognized,  while 
no  less  than  eight  subdivisions,  together  with  limestone  bands,  are 
represented  in  t^e  Ordovician  rocks,  five  subdivisions  are  shown  in  the 
Silurian,  six  in  the  Old  Bed  Sandstone,  and  many  in  the  Carboniferous 
rocks.  In  this  great  series  of  formations  it  is  estimated  that  the 
thickness  of  strata  amounts  to  nearly  five  miles.  We  have  been 
a  little  puzzled  to  find  Ammanford  on  the  map,  but  have  succeeded  in 
doing  so  with  the  aid  of  a  gazetteer  wherein  Ammanford  is  mentioned 
as  a  hamlet  with  '^  coal-mines,  also  paint  and  oilworks."  As  a  matter 
of  fact,  there  is  no  town  of  note  in  the  area,  and  the  population  is 
somewhat  scattered  along  the  principal  valleys,  such  as  the  Tawe 
between  Ystradgynlais  and  Pontardawe. 

Mr.  Cantrill  and  Mr.  Thomas  have  largely  added  to  our  knowledge 
of  the  stratigraphy  and  palaeontology  of  the  Lower  Palaeozoic  rocks. 
The  Llandeilo  Series  is  described  witii  the  spelling  Llandilo  ''for  the 
.sake  of  conformity  with  the  New  Series  Ordnance  Maps,"  a  change 
which  hardly  makes  for  uniformity,  as  it  is  inconsistent  with  the 
generally  accepted  spelling  of  geologists. 

A  table  and  local  lists  of  Lower  Palaeozoic  fossils  are  given,  and 
a  method  has  been  devised  whereby  the  precise  locality,  the  collector, 
end  the  destination  of  every  specimen  have  been  recorded.  It  must 
be  admitted  that  these  important  particulars  are  not  of  much  value  in 
the  memoir,  except  when  it  is  used  in  the  Museum  at  Jermyn  Street, 
where  are  preserved  the  specimens  and  also  the  six-inch  maps  on 
which  the  localities  are  indicated. 

Interesting  accounts  are  given  of  the  changes  in  the  lithology  of  the 
Old  Bed  Sandstone  and  of  the  overstep  of  its  basal  portions  across  the 
Silurian  outcrop.  The  dominant  features  in  the  region  are  great 
plateaus  formed  by  the  Millstone  Grit,  which  rises  in  Black  Mountain 
to  a  height  of  2,076  feet,  and  by  the  Pennant  Grit,  which  locally 
reaches  a  height  of  1,371  feet.  Kcference  is  made  to  the  'plastic 
clay'  in  the  Millstone  Grit,  a  fine  mealy  sand  due  to  the  decomposition 
of  chert,  which  was  formed  from  very  fine  siliceous  sediment,  partly 
of  clastic  quartz  grains  and  partly  of  organic  material.  Full 
particulars  relating  to  the  Coal-measui*es  are  given  by  Dr.  Strahan. 
The  lower  seams  of  coal,  traced  along  the  'North  Crop,'  from  the 
Tawe  valley  through  Ammanford  and  the  Llandybio  district  to  the 
G^wendraeth  valley,  are  all  anthracitic  ;  whereas  in  the  'South  Crop' 
the  lower  seams  "  are  all  bituminous,  and  there  is  little  doubt  that  in 
the  intervening  ground  they  pass  through  the  intermediate  stage  of 
steam-coal." 
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In  the  Swansea  area  the  Coal-measures  attain  a  greater  UiiekBeM 
than  is  at  present  Vnown  in  any  other  part  of  the  coalfield,  abovt 
7,000  feet.  In  this  great  series  is  included  about  1,050  feet  of  tiba 
highest  measures.  Seams  are  worked  in  all  three  divisions  of  the 
series. 

A  notable  discoTery  by  Logan  was  that  of  pebbles  of  coal  in  tiba 
Pennant  Grit  near  Swansea.  We  fail  to  find  any  paiticnlar  Tefarance 
to  this,  although  incidentally  the  occurrence  of  pebbles  <tf  ooal  is 
mentioned. 

In  the  Swansea  map  are  included  the  eastern  portions  of  the 
pictiiresque  region  of  Qower,  where  Silurian  rocks  were  diaooTcrod 
by  Mr.  Tiddeman.  There  are  many  other  features  of  gnmt  interest 
in  that  promontory,  in  the  lithological  characters  o^  the  Lower 
Carboniferous  rocks,  and  in  the  disturbances  to  which  they  hate 
been  subjected.  The  dolomitisation  of  the  limestone,  to  whieh  spedil 
attention  has  been  given  by  Dr.  PoUard  and  Mr.  I)ixon,  is  r^^oded 
as  for  the  most  part  contemporaneous,  the  alteration  having  takes 
place  so  shortly  after  deposition  that  the  magnesian  salts  wefs 
probably  derived  from  the  Carboniferous  sea.  Again,  the  reoognitioB 
of  radioiarian  cherts  in  the  Upper  Limestone  Shales  confiims  Be  la 
Beche's  correlation  of  the  strata  with  the  Coddon  Hill  Beds  of  N<»th 
Devon. 

The  Glacial  Drifts  in  the  areas  of  Ammanford  and  Swansea  indicate 
the  former  great  development  <^  ice  in  regions  further  north,  whenee 
there  was  a  southeriy  movement,  the  ice  overriding  and  glaciating  all 
except  the  higher  hills.  Important,  too,  is  the  evidence  gathered  by 
Mr.  Tiddeman  that  this  glaciation  is  later  than  the  Raised  Beach  of 
Gower  and  the  Cave  accumulations  with  Pleistocene  nmnitnuliii. 


II. —  The  Geology  of  the  Leickstbeshiiis  and  South  Dkebtbhixs 
Coalfield.  By  C.  Fox-Strahoways,  F.G.S.;  with  Paleontological 
Notes  and  List  of  Fossils  by  A.  K.  Hokwoo».  8vo  ;  pp.  373,  with 
colour-printed  geological  map,    6  plates,  and    12    text-figures. 

Cloth ;  price  6s, 

IN  1860  a  concise  memoir  by  Edward  Hull  on  '*  The  Geology  of  the 
Leicestershire  Coalfield  and  of  the  Country  around  Adkby-de-la- 
Zouch  "  was  issued  by  the  Geolc^cal  Survey.  It  occupied  70  pages 
of  print,  was  accompanied  by  a  neatly  coloured  geological  map 
engraved  by  Lowry,  and  was  sold  at  the  price  of  3s.  It  wna  a  handy 
memoir,  well  adapted  for  the  pocket  of  anyone  wlio  was  making 
a  personal  study  of  the  area.  Now  after  a  lapse  of  nearly  fifty  years 
tiie  results  of  a  far  more  detailed  survey,  carried  out  on  the  8ix-4nch 
scale  entirely  by  Mr.  Fox-Strangways,  have  been  pnblished  in  the 
memoir  before  ns.  Although  the  papw  and  printing  of  the  presmt 
work  do  not  equal  that  of  the  former  one  (see,  for  instance,  the  fignrs 
of  Outcrop  of  the  four-foot  coal  at  filackfordby),  yet  when  we  compare 
the  bulk  of  this  work  with  its  predecessor — the  number  of  printed 
pages,  including  much  tabular  matter,  the  large  folding  plates  «f 
sections,  and  tbe  cloth  case — a  comparison  of  the  reQ>eOtive  prices  is 
wholly  in  favour  of  the  new  volume. 
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It  is  pleasant  to  read  that  a  cordial  acknowledgment  of  the  services 
rendered  by  the  Rev.  W.  H.  Coleman  (given  in  the  earlier  volume^  is 
also  made  in  the  present  work,  in  which,  indeed,  there  is  a  mil 
bibliography  drawn  up  with  characteristic  precision  by  Mr.  Fox- 
Stiangways.  Everywhere  throughout  this  volume  we  find  a  careful 
and  methodical  statement  of  the  facts,  with  due  acknowledgment  of 
previous  workers. 

The  author  gives  an  interesting  history  of  the  development  of  the 
coalfield,  from  the  earliest  mention  of  coal-working  in  the  district — 
the  reign  of  King  John  in  1204 — to  the  present-day  workings. 
Mention  is  also  made  of  the  clay  that  has  been  extensively  used  in  the 
manufacture  of  sanitary  earthenware.  Not  the  least  important  part 
from  a  practical  point  of  view  is  the  record  of  colliery  borings  and  pit 
sections,  which  occupies  nearly  200  pages.  A  useful  chapter  is  also 
devoted  to  a  consideration  of  the  probable  extension  of  the  coalfield 
beyond  the  present  workings.  While,  however,  the  memoir  is  mainly 
occupied  with  a  detailed  description  of  the  Coal-measures,  there  are 
appropriate  accounts  of  the  older  and  newer  formations,  of  the  Pre- 
Cambrian,  Triassic,  Pleistocene,  and  Kecent  deposits. 

Palaontological  information  is  by  no  means  neglected.  There  is 
a  list  of  fossils  from  the  Carboniferous  Limestone  based  largely  on 
a  ooUection  made  by  Mr.  H.  Yassall ;  while  an  important  section  on 
the  palsBontology  of  the  Coal-measures  has  been  contributed  by 
Mr.  A.  B.  Horwood,  a  zealous  worker  at  Leicester. 

Li  this  full  and  practical  account  of  the  geology  of  an  important 
coalfield  are  embodied  the  results  of  the  final  officiid  field-work  of  the 
author,  who  has  since  retired  from  the  public  service. 

III. — Thb  Gkologt  of  the  Lands  End  Distkict.  By  Clemvnt  Esm, 
F.R.8.,  and  J.  S.  Flbtt,  M.A.,  D.Sc. ;  with  contributions  by 
B.  8.  N.  WiLxiHSON,  E.  E.  L.  Dixon,  B.Sc,  and  W.  Pollard, 
M.A.,  D.Sc.  Mining  appendix  by  D.  A.  MacAlister,  A.E.S.M. 
pp.  158,  with  6  plates  and  35  text-illustrations.     Price  3«.  %d, 

ATTENTION  was  drawn  in  the  April  number  of  the  Geological 
Maqazinb  to  the  memoir  on  "  The  Geology  of  Falmouth  and 
Truro  and  of  the  Mining  District  of  Camborne  and  Redruth."  We 
are  now  able  to  introduce  to  notice  the  description  of  the  adjacent 
area  on  the  west,  which  includes  the  mining  regions  of  St.  Just, 
St.  Ives,  and  Gwinear.  The  slaty  rocks  of  this  area  are  grouped  as 
Lower  Palaeozoic,  in  accordance  with  Mr.  J.  B.  Hill's  grouping  of  the 
Mylor,  Falmouth,  and  Portscatho  Series,  which  may  be  Ordovician  or 
of  earlier  date.  More  interest  attaches  to  the  physical  structure  of  the 
district,  to  the  greenstone  and  granite  intrusions,  to  the  effects  of 
metamorphism,  and  to  the  genesis  of  the  mineral  veins.  The  sills  of 
greenstone  produce  great  alteration,  which,  however,  extends  but 
a  short  distance,  in  the  adjoining  killas;  and  rocks  thus  changed 
appear  to  have  been  little  influenced  by  the  subsequent  granite 
intrusion.  The  granite  is  described  as  occurring  in  great  sheets  or 
laccolites,  and  to  form  an  undulating  floor  over  the  whole  of  the 
region  described,  and  at  no  great  depth  (as  mentioned  on  p.  3),  or  at 
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depths  of  4,000  to  5,000  feet  (as  noted  on  p.  8).  This  floor  rises  in 
domes  and  bosses,  and  its  proximity  to  the  surface  is  indicated  by 
inliers  of  altered  killas  or  of  the  metamorphic  aureole.  The  coarse 
and  the  somewhat  later  fine-grained  granite  are  duly  described ;  and 
the  effects  of  fluoric  and  boric  vapours  that  emanated  from  the  granite 
prior  to  its  complete  cooling  and  consolidation  are  pointed  out.  The 
'  schorl  rock '  and  the  variety  known  as  luxuUianite  have  been  pro- 
duced by  these  pneumatolytic  processes ;  while  most  of  the  mineral 
lodes  which  occur  in  the  metamorphic  aureole  surrounding  the  granite 
are  attributed  to  like  agencies.  In  the  luminous  chapters  on  these 
subjects,  written  conjointly  by  Mr.  Eeid  and  Dr.  Flett,  there  is  much 
that  advances  one's  knowledge  of  these  interesting  phenomena. 

An  account  is  given  of  the  possible  preservation  of  Eocene  gravel 
under  the  sea  not  far  from  St.  Michael's  Mount,  and  attention  is 
directed  to  the  phonolite  of  the  Wolf  Rock  which  is  depicted  in  an 
inset  on  the  colour-printed  map,  while  its  actual  position  is  indicated 
in  a  small  map  on  page  2.  This  volcanic  rock  may  be  of  Tertiary  age, 
but  we  are  at  a  loss  to  understand  why  ''  no  special  description  of  ^e 
phonolite  of  the  Wolf  Rock  is  needed  here."  Being  regarded  as 
belonging  to  the  district  a  description  would  have  been  just  as 
appropriate  as  that  of  the  granites  and  greenstones.  We  find  also 
a  somewhat  meagre  account  of  the  very  interesting  Pliocene  strata  of 
St.  Erth.  Surely  a  list  of  the  commoner  fossils  should  have  been 
given  to  accompany  the  instructive  description  of  the  physical  con- 
ditions under  which  the  deposits  were  accumulated. 

The  Appendix  on  Mining  by  Mr.  MacAlister  contains  a  full  and 
well- illustrated  account  of  the  many  mines  and  of  the  more  important 
lodes,  with  much  statistical  information. 

An  excellent  colour-printed  map  accompanies  this  memoir.  It  is 
compounded  of  Sheets  351  and  358,  and  the  price  is  2«.  Qd, 


lY. — A  Guide  to  the  Fossil  Invertebeate  Animals  iw  the 
Department  of  Geology  and  Paljeontology  in  the  British 
Museum  (Natural  History),  Cromwell  Road,  London,  S.W. 
8vo;  pp.  182,  with  7  plates  and  96  text-figures.  London; 
printed  by  order  of  the  Trustees.     Price  1«. 

CONGRATULATIONS  to  Dr.  Arthur  Smith  Woodward,  F.R.S.,  the 
Keeper  of  Geology,  on  the  issue  of  an  entirely  new  guide  to  the 
Fossil  Invertebrata,  which  we  learn  from  the  preface  by  Sir  E.  Ray 
Lankester,  the  Director,  has  been  written  by  Dr.  Francis  A.  Bather, 
the  Assistant  Keeper,  with  the  help  of  Mr.  R.  Bullen  Newton, 
Mr.  G.  C.  Crick,  in  the  Mollusca ;  Mr.  W.  D.  Lang,  in  the  Bryozoa 
and  Corals  ;  Dr.  W.  T.  Caiman,  in  the  Arthropoda.  Thanks  are  also 
given  to  Mr.  S.  S.  Buckman,  Mr.  H.  W.  Burrows,  Mr.  C.  Davies 
Sherbom,  and  Mr.  B.  B.  Woodward. 

Commencing  with  the  stratigraphical  series  in  Gallery  XI,  occupying 
the  wall-cases  on  the  west  side  we  find  a  collection  of  the  various 
kinds  of  rocks  found  in  Britain,  arranged  in  the  order  of  their  age  by 
the  late  Mr.  R.  Etheridge,  F.R.S.  Along  the  top  of  the  case  is 
a  diagram  showing  the  succession  of  these  rocks  from  the  newest  to 
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the  oldest,  as  they  might  he  seen  in  a  continuous  section  across  the 
country  if  one  walked  in  a  more  or  less  straight  line  from  east  to  west. 
Examples  of  the  rocks  themselves  are  placed  on  the  shelves  helow, 
accompanied  hy  numerous  small  sections  of  the  strata  as  seen  by 
observers  in  various  parts  of  England.  Affixed  to  the  wall-cases  is 
a  series  of  small  maps  of  Britain,  each  coloured  to  show  the  tract  of 
country  where  the  particular  rock-group  is  exposed  at  or  near  to  the 
surface,  of  which  specimens  are  exhibited  in  the  adjoining  case.  In 
the  long  section,  at  the  top  of  the  case,  the  number  placed  beneath 
each  bed  gives  its  approximate  thickness  in  feet. 

In  connection  witii  the  subject  of  British  strata  reference  is  made 
to  the  important  work  done  by  William  Smith,  sumamed  the  ''Father 
of  English  Geology,''  who  was  the  first  in  this  country  to  demonstrate 
the  now  fully  recognised  fact  that  each  group  of  strata  is  marked  by 
certain  fossils.  Therefore,  when  once  a  geologist  knows  the  fossils 
characteristic  of  the  various  strata  he  can,  if  set  down  in  any  part  of 
the  country,  readily  determine  on  which  bed  in  the  geological  series 
he  is  standing,  if  only  he  can  find  a  few  fossils  to  aid  him.  They  are, 
in  fact,  the  unerring  '  spoor '  to  the  geological  hunter  to  guide  him  to 
his  *  quarry.'  A  very  good  portrait  of  Smith  is  given  in  the  Quide. 
This  gallery  is  a  veritable  monument  to  William  Smith  ;  on  the  south 
wall  is  a  copy  of  the  original  map  geologically  coloured  by  himself,  and 
still  in  many  respects  a  reliable  guide.  In  the  centre  of  the  east  wall 
is  his  bust  (surrounded  by  maps  and  sections  prepared  by  him)  and 
surmounting  a  glazed  case  and  cabinet  containing  his  origind  collection, 
a  monument  to  his  genius  as  an  original  investigator  and  to  his 
unwearying  labour  as  a  worker.  In  this  gallery  are  also  shown  the 
collections  of  Mr.  Searles  V.  Wood  from  the  Crag,  Mr.  Edwards'  from 
the  Eocene,  Mr.  Sowerby's  types  of  the  Mineral  Conchology, 
Dr.  Davidson's  Brachiopoda,  Gilbertson's  Carboniferous  fossils, 
Brander's  Eocene  shells  of  Hampshire,  Mr.  Konig's  types,  and  the 
few  identifiable  fossils  of  Sir  Hans  Sloanc's  Museum,  the  nucleus  of 
the  original  British  Museum  (1753). 

Nor  do  these  important  *  type '  and  stratigraphical  collections 
exhaust  this  gallery,  for  at  the  further  end,  in  wall-cases  6  and  7 
and  on  the  walls  and  opposite  side,  are  brought  together  a  very 
interesting  series  of  specimens  illustrating  the  work  of  dynamical, 
chemical,  and  organic  agents — some  caused  by  earth  movements  on 
a  large  scale,  such  as  may  be  observed  in  the  squeezing  and  crumpling 
of  great  masses  of  strata  often  miles  in  extent  and  thickness,  as  seen 
in  mountain  chains  such  as  the  Alps,  the  Andes,  and  the  Himalayas, 
illustrated  by  models  prepared  by  Lord  Avebury  and  recently 
presented  by  him ;  others  showing  minute  movements  producing 
small  faults,  folds,  and  cleavage  planes  in  rocks  of  various  ages.  Of 
chemical  and  concretionary  structures  there  are  again  very  many  and 
varied  examples,  illustrated  by  *  dendritic  markings,'  *  cone-in-cone  * 
structures,  and  a  very  wonderful  series  from  the  Magnesian  Limestone 
of  Durham,  chiefly  collected  by  Mr.  G.  Abbott,  F.G.S.,  offering  the 
most  curious  mimetic  representations  of  organic  structures,  such  as 
Stromatopora,  and  Corals  in  great  variety,  as  well  as  globular  and 
botryoidid  forms.     Many  concretions  also 'have  organic  nuclei,  such 
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as  shells,  leaves  of  plants,  fishes,  teeth,  etc. ;  these  are  illustnted  in 
great  variety,  as  well  as  the  castings  of  worms  and  curious  tnu^ks 
£)rmed  by  annelides,  and  the  footprints  left  by  birds  and  reptiles. 

Coming  to  remains  of  once  living  organisms  in  Ghdlery  X,  the 
Ghiide  gives  us  figures  of  Foraminifera,  Radiolarians,  and  Sponges, 
showing  the  siliceous  or  calcareous  skeletons  as  they  actually  occur 
in  the  rocks.  Many  of  these  minute  organisms,  as  well  as  the  more 
massive  growths  of  coral  reefs,  helped  in  the  older  seas  of  the 
world's  past  to  build  up  organic  rocks,  furnishing  strata  of  vast 
extent  and  great  thickness,  such,  for  instance,  as  the  Nummulitic 
Limestone,  which  contributes  largely  to  the  Pyrenees,  the  Alps,  the 
Atlas  Range,  the  Himalayas,  etc.  In  this  gallery,  and  well  illustrated 
in  the  Guidebook,  are  the  Corals,  the  Stromatoporoids,  and  the 
Graptolites,  whilst  the  centre  and  the  eastern  side  are  occupied  by 
the  fossil  plants,  including  many  silicified  tree-trunks  from.  Tertiary 
and  Jurassic  rocks,  and  a  fine  case  of  Cycadean  stems,  some  cut  and 
polished.     The  coal-plants,  too,  form  a  large  and  attractive  series. 

Gallery  IX,  although  closed  to  the  genex^  public,  is  open  to  students 
and  scientific  workers,  and  contains  the  library  and  special  study 
collections. 

No.  YIII  contains  the  beautiful  series  of  stone  lilies,  mostly  from 
the  Secondary,  Carboniferous,  and  Silurian  rocks.  Many  excellent 
figures  are  given  in  the  Guide.  After  the  stone  lilies  we  come  to  the 
Starfishes  and  Sea  Frchins  in  endless  variety.  To  these  succeed  the 
Trilobites  and  other  Crustacea,  the  giant  Pterygotu9,  and  the  king 
crabs  and  scorpions,  with  many  kinds  of  dragon  flies  and  other  insects 
from  the  Coal-measures  upwards;  and  next  these  the  Bryosoa  and 
Brachiopoda.  The  west  side  of  this  large  gaUory  is  entirely  given  up 
to  the  display  of  the  Gasteropoda  and  Lamellibranchiata,  which, 
commencing  with  the  glacial  shells  and  those  from  raised  beaches  and 
the  shells  from  the  Peat  and  Lake  deposits,  go  back  in  time  to  the 
earliest  Silurian  and  Cambrian  rocks. 

The  Mollusca,  ancient  and  modem,  form  such  a  vast  series  that  the 
higher  forms,  the  Cephalopoda,  Cuttle-fish,  Nautili,  Ammonites,  and 
Orthocerata,  require  a  whole  gallery  (No.  VII)  entirely  to  themselves. 
Probably  in  no  other  museum  in  the  world  can  such  a  display  of  the 
chambered  shelled  Ccphalopods  be  seen  as  is  exhibited  in  this  gallery, 
of  which  the  Keeper  of  the  Geological  Department,  Dr.  A.  Smith 
Woodward,  may  be  justly  proud.  The  largest  coiled  British 
Ammonite  is  a  Pa^^ht/discus  kptophylltu^  3ft.  Sin.  in  diameter,  from 
the  Chalk  of  Kottingdean,  near  Brighton.  But  this  is  far  surpassed 
by  P,  SeppenradensiSy  an  Ammonite  from  the  Chalk  of  Westphalia, 
a  cast  of  the  shell  of  which,  having  a  diameter  of  6  ft.  8  in.,  is  fixed  on 
the  north  wall. 

But  we  must  end  this  notice  by  commending  the  lover  of  natural 
history  to  purchase  a  copy  of  this  veiy  admirable  Guide,  which  is 
really  a  textbook  for  one  shilling,  beautifully  illustrated  with  7  plates 
and  96  text-figures  admirably  executed,  forming  a  most  attractive 
handbook  for  the  student  and  the  casual  visitor  alike.  We  compliment 
the  Keeper  of  Geology  and  his  Assistant  Keeper,  Dr.  F.  A.  Bather, 
the  writer,  and  his  colleagues,  who  together  have  produced  so  splendid 
a  shilling's  worth. 
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Mexoib  of  the  Geological  Stbucture  of  the  North- West  Highlands 
OF  Scotland.  By  B.  N.  Peach,  LL.D.,  F.R.S.,  John  Horne,  LL.D., 
F.R.8.,  the  late  W.  Gunn,  C.  T.  Clouoh,  M.A.,  F.G.S.,  and  L.  W. 
HiNXJCAH,  B.A. ;  with  Petrological  Chapters  and  Notes  hy  J.  J.  H. 
Teall,  M.A.,  D.Sc,  F.R.S.  Edited  by  Sir  Archibald  Geikie, 
K.C.B.,  D.C.L.,  Sec.  R.8.  Edinburgh,  W.  &  A.  K.  Johnston, 
Ltd. ;  Glasgow,  Jas.  Hedderwick  &  Sons,  Ltd.  Svo ;  pp.  xviii 
and  670,  with  52  plates  and  a  geological  map  of  the  North-West 
Highlands  of  Scotland,  and  66  figures  in  text.  Price  10«.  6c^. 
(Preliminary  notice.) 

r[S  memoir,  on  the  geological  structure  of  the  North- West 
Highlands  of  Scotland,  is  one  of  the  most  important  which  has 
been  issued  by  the  Geological  Survey,  as  it  relates  to  a  region  which 
has  become  classic  for  the  study  of  the  more  powerful  movements 
whereby  the  earth's  crust  has  been  affected. 

The  opening  chapter  gives  a  brief  account  of  the  various  rock- 
groups  to  be  found  in  that  region,  their  geological  relations,  and  the 
remarkable  structures  which  they  present  in  the  field.  It  is  followed 
by  a  historical  account  of  the  development  of  the  research,  special 
reference  being  made  to  the  controversy  between  Sir  R.  I.  Murcliison 
and  Prof.  Nicol  regarding  the  structure  of  the  North- West  Highlands, 
and  to  the  investigations  which  led  to  a  settlement  of  the  dispute. 

A  detailed  account  is  given  of  the  structure,  distribution,  and 
petrography  of  the  Lewisian  Gneiss  and  Torridon  Sandstone  along  the 
western  portions  of  the  counties  of  Sutherland  and  Ross.  The  various 
gubdivisions  of  the  Cambrian  formation  are  enumerated,  and,  for  the 
first  time,  a  description  is  furnished  of  the  distribution  and  organic 
contents  of  the  OUneUtu  zone,  which  has  been  detected  and  traced  by 
the  Geological  Survey  for  iCO  miles. 

But  the  feature  which  renders  the  volume  of  exceptional  interest 
to  geologists  all  over  the  world  is  the  description  and  illustration  of 
those  great  displacements  of  the  earth's  crust,  whereby  slices  of  the 
older  rocks  have  been  driven  westwards  for  miles  and  made  to  rest  on 
younger  strata.  The  detailed  evidence  in  proof  of  such  movements  is 
set  forth  in  part  iv. 

The  concluding  section  of  the  work  (part  v)  gives  a  brief  account  of 
the  petrography,  distribution,  and  geological  relations  of  the  Eastern 
Schists,  which  lie  above  the  most  easterly  of  the  great  planes  of  dis- 
ruption in  that  region.  The  age  of  those  crystalline  schists  is  still 
unsolved. 

The  volume  is  illustrated  by  52  plates,  66  text-figures,  and  a  colour- 
printed  geological  map  of  the  area  between  the  north  coast  of  Suther- 
land and  Sleat  in  Skye  on  the  scale  of  four  miles  to  one  inch. 

Copies  may  be  obtained  from  any  agents  for  the  sale  of  Ordnance 
Survey  maps,  or  through  Messrs.  Dulau  &  Co.,  37,  Soho  Square,  W., 
from  the  Ordnance  Survey  Office,  Southampton.  Price  10«.  6rf. 
(postage  lOi.  additional). 

A  full  review  of  this  important  work  will  appear  in  next  month's 
Geological  Maoazine. 
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The  Centenary  Celebration  of  the  Geological  Society  of  London,  to 
which  we  drew  the  attention  of  our  readers  in  the  Geological 
Magazine  for  January  last,  pp.  1-3,  and  again  in  our  September 
number,  pp.  385-389,  has  come  and  gone.  The  numerous  foreign 
and  Colonial  visitors  have  been  hospitably  entertained ;  geological 
excursions  and  visits  to  our  Museums  and  Universities  had  previously 
been  arranged  for  their  honour  and  gratification.  The  President, 
Secretaries,  Treasurer,  and  Council  have  all  exerted  themselves  to 
render  the  stay  of  such  distinguished  guests  as  agreeable  as  possible, 
and  it  is  to  be  hoped  they  will  carry  away  with  them  pleasant 
memories  of  their  English  visit. 

On  Thursday,  the  26th  September,  a  reception  was  held  at  the 
Institution  of  Civil  Engineers  at  1 1  o'clock,  when  the  delegates  from 
Foreign  and  British  Scientific  Societies  and  Academies  offered  con- 
gratulatory addresses  to  the  President,  Sir  Archibald  Geikie,  X.C.B., 
and  he  per^nally  was  presented  with  the  Gold  Medal  of  the 
Institutioii  of  Mining  and  Metallurgy,  which  was  handed  to  him  by 
C.  J.  Alford,  Esq.,  F.G.S.,  on  behalf  of  that  body. 

At  3  o'clock  the  President  read  his  address  on  "The  State  of 
Geology  at  the  Time  of  the  Foundation  of  the  Geological  Society, 
in  1807."  He  gave  a  sketch  of  our  science  a  hundred  years  ago, 
and  described  the  work  of  its  first  President,  George  Bellas 
Greenough,  and  its  other  founders.  He  referred  to  the  labours  of 
William  Smith,  known  as  **  Strata  Smith/'  and  named  by  Sedgwick 
**the  Father  of  English  Geology.*'  He  pictured  the  state  of 
knowledge  regarding  the  structure  and  history  of  the  earth  as 
it  was  at  the  beginning  of  the  last  century,  and  of  the  conflict  of 
opinions  at  the  time  which  raged  between  the  followers  of  Werner 
and  Hutton,  the  Neptunists  and  the  Plutonists.  He  showed  how 
much  the  miner  and  mineralogist  had  to  do  with  the  origin  of  the 
science  and  the  great  advance  of  geological  knowledge  at  the 
present  time. 

A  banquet  was  held  in  the  evening  at  the  Whitehall  Booms  of  the 
Hotel  Metropole,  at  which  291  were  present.  After  the  President  had 
proposed  the  toast  of  the  King  and  the  heads  of  Foreign  Countries, 
Professor  A.  de  Lapparent  proposed  that  of  the  Geological  Society, 
which  was  followed  by  speeches  from  Professor  Lapworth  and  other 
distinguished  Fellows  and  delegates. 

The  Universities  of  Oxford  and  Cambridge  on  the  30th  September 
and  1st  October  conferred  respectively  degrees  as  follows: — Oxford, 
D.Sc.  honoris  causdy  Professor  Charles  Barrois,  Professor  Albert  Heim, 
Professor  Alfred  Lacroix,  Dr.  Hans  H.  Keusch,  Professor  Albrecht 
Penck,  and  Professor  Geheimrath  Ferdinand  Zirkel.  Cambridge,  ScB. 
honoris  causd :  Professor  W.  C.  Briigger,  Professor  Hermann  Credner, 
Professor  L.  Dollo,  Professor  A.  de  Lapparent,  and  Professor  A.  G. 
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NathoTst.     Professor  Oeheimrath  H.  Kosenbusch  could  not  be  present 
to  receive  his  degree. 

Over  470  cards  of  identification  were  issued  by  tbe  Society  to 
Fellows,  delegates,  and  guests  attending  the  Centenary.  Sixteen 
Foreign  Members  and  14  Foreign  Correspondents,  besides  many  other 
foreign  and  Colonial  visitors,  were  present.  The  following  were  the 
countries  represented :  Austria  -  Hungary,  Argentine  Co^ederation, 
Belgium,  Denmark,  Egypt,  France,  German  Empire,  Greece,  Holland, 
Italy,  Japan,  Mexico,  Norway,  Portugal,  Russia,  Sweden,  Switzerland, 
United  States,  also  the  Dominion  of  Canada,  India,  South  Africa,  the 
Commonwealth  of  Australia,  and  the  Dominion  of  New  Zealand. 


NOMENCLATURE  OF  AUSTRALIAN   SILURIAN  OPfllURIDS. 

Sib, — Presumably  this  heading  to  Mr.  Chapman's  welcome  letter 
(Geol.  Mag.,  Oct.  1907,  p.  479)  does  not  imply  th&t  Silurian  Ophiurids 
are  to  be  excepted  from  tiie  laws  of  nomenclature  when  they  occur  at 
the  Antipodes.  Yet  the  difference  between  us  could  scarcely  have  . 
arisen  had  Mr.  Chapman  felt  himself  bound  by  certain  rules  adopted 
at  all  recent  sessions  of  the  International  Congress  of  Zoologists.  But 
he  is  not  even  loyal  to  the  Stricklandian  code,  preferring  rather  to 
follow  *  an  unwritten  rule.*  Perusal  of  the  modem  code,  of  which  I 
believe  Mr.  Chapman  has  now  received  a  copy,  will,  I  hope,  show  him 
that  my  remarks  concerning  Sturtzura  were  in  simple  accordance  with 
elementary  rules.  It  is  not  my  business  to  defend  those  rules,  but 
since  Mr.  Chapman  assumes  that  his  own  views  are  shared  by  others, 
I  ask  leave  to  put  the  real  point  in  dispute  as  clearly  as  I  can. 

The  object  of  selecting  a  type — whether  type-specimen  (holotype) 
of  a  species,  or  type-species  (genotype)  of  a  genus — is,  not  to  indicate 
to  one's  readers  what  one  believes  to  be  the  most  characteristic  form 
(norm)  of  the  species  or  genus  under  discussion,  but  to  fix  on  a  form 
accordiug  to  which  the  species  or  genus  shall  stand  or  fall.  Experience 
has  taught  us  that  we  all  make  mistakes  in  our  descriptions,  and  that 
the  most  carefully  constructed  diagnosis  may  prove  erroneous.  A  nomen- 
clature based  on  diagnoses  and  on  various  rational  or  ethical  principles 
has  been  tried  and  found  wanting.  Therefore  zoologists  have  said : 
**  We  will  exclude  all  these  sources  of  human  error  from  the  foundations 
of  our  nomenclature  so  far  as  is  possible,  and  we  will  base  our  work  on 
concrete  specimens." 

Professor  Gregory  fixed  on  Protaster  hrisingoidss  as  the  genotype 
of  Sturtzura,  His  interpretation  may  have  been  right  or  wrong, 
but  this  at  any  rate  is  sure  :  what  P.  hrisingoides  is,  the  same  is 
Sturtzura ;  whatever  the  diagnosis  may  be,  all  species  congeneric  with 
P,  hri9%ngoids»  are  also  Sturtzura^  unless  they  include  the  genotype  of 
a  prior  genus.  For  example,  if  P,  hristngoides  be  congeneric  with 
P,  sedgwiekiy  Sturtzura  yields  to  the  prior  Protaster;   but  if  it  be 
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congeneric  only  with  F.  leptoioma  as  Gregory  maintained,  or  only  witii 
P.  h%far%9  as  I  have  hypothetically  imagined,  then  the  name  SiurtaMra 
stands.     (Intemat.  Kules;  1905,  Art.  29.) 

That  the  rule  referred  to  in  the  phrase  ''  once  a  synonym,  always  a 
synonym "  has  no  bearing  on  either  of  these  suppositions,  is  evident 
when  its  meaning  is  understood.  The  rule,  in  fact,  simply  states  that 
a  generic  name  once  used  in  zoological  nomenclature  cannot  be  used 
for  any  subsequent  genus  that  does  not  include  the  original  genotype, 
even  when  the  name  as  first  used  has  proved  to  be  a  synonym.  Bat 
if  the  rule  does  not  forbid  the  resuscitation  of  SturUitra  for  a  genos 
containing  the  genotype  8,  brisingoidet,  it  certainly  does  forbid  its 
use  for  a  genus  comprising  only  8.  leptosama  and  8.  Upioiomaidet, 
(Intemat.  Rules,  1905,  Art.  36.) 

Mr.  Chapman  may  not  approve  of  these  rules,  and  I  do  not  pretend 
that  I  like  them  all  myself.  But  in  these  matters  of  form  it  is  surely 
better  that  individuals  should  come  into  line  with  the  great  majority 
of  their  colleagues. 

My  protest  against  the  composition  of  certain  names  was  not  made 
from  the  standpoint  of  a  museum  curator,  as  Mr.  Chapman  seems  to 
suppose,  but  from  that  of  the  compilers  of  the  Stricklandian  code,  who 
desired  to  render  ''  our  scientific  language  palatable  to  the  scholar  and 
the  man  of  taste."  If  a  name  is  held  to  have  no  meaning,  let  it  at 
least  be  euphonious ;  but  if  it  is  intended  to  have  a  meaning,  that  need 
not  be  a  ridicidous  one. 

As  for  the  more  important  matter— the  homologies  of  the  arm-ossicles, 
there  seems  no  grave  objection  to  the  compromise  now  proposed  by 
Mr.  Chapman.  But  whether  the  ambulacrals  consist  of  one  piece  as 
I  suggested,  or  of  two  pieces  as  he  now  suggests,  will  probably  not  be 
decided  until  we  find  specimens  with  the  stereom  undissolved. 

F.  A.  Bathbr. 

London,  7  October ^  1907. 


COLLODION    AS    A    PRESERVATIVE    FOR    FOSSILS. 

Sir, — Dr.  Bather's  interesting  article  on  collodion  imprints  reminds 
me  of  an  intention  I  have  long  had  of  communicating  to  you  another 
use  for  collodion.  The  usual  method  of  preserving  fragile  fossils  by 
application  of  a  hot  gelatine  solution  is  one  which  I  have  always 
found  troublesome  and  unsatisfactory.  Some  years  ago  a  student 
suggested  to  me  that  a  solution  of  collodion  would  penetrate  more 
readily,  could  be  used  at  ordinary  temperatures,  and  would  become 
solid  more  slowly.  He  gave  me  some  solution  that  he  was  using  for 
some  other  purpose — a  saturated  solution  of  gun-cotton  in  equal  parts 
of  amyl  acetate  and  ethyl  alcohol.  I  found  this  answer  very  well, 
both  for  preventing  the  flaking  of  delicate  fossils  and  for  mending 
broken  ones.  Small  specimens  can  be  simply  immersed  in  the 
solution,  left  there  (in  a  corked  tube)  for  an  indefinite  period,  and 
finally  lifted  out  and  dried.  Larger  ones  may  be  painted  over,  several 
times  if  necessary.  I  have  by  this  means  mended,  among  other 
things,  broken  specimens  from  Wenlock  Limestone  and  Chalk  Marl, 
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and  eren  large  Juraasio  oysters,  though  in  the  last  case  they  are  apt 

to  break  again  on  ordinary  handling.      I  have  been  too  lazy  to 

experiment  with  variations  on  the  original  recipe  given  me,  but  from 

conversations  with  several  chemists  I  gather  that  a  simple  solution  of 

collodion  in  amyl  acetate  would  probably  act  as  well  as  die  one  I  have 

been  using.  A.  Morlet  Davixs. 

Ukdbrwood,  WnrcHMOiiB  Hill,  Axbbshax. 
2\tt  October,  1907. 


SALINE    SOLUTIONS    AND    ORES. 

Sir, — The  Oeolooical  Magazine  has  afforded  me  the  opportunity 
to  champion  many  unpopular  causes  scouted  elsewhere.  Perhaps  the 
greatest  offender  has  been  the  significance  of  chlorides  in  granitic 
quartzes.  The  ubiquity  of  chlorides  throughout  the  Dartmoor  mass, 
and,  so  far  as  I  am  aware,  in  the  Cornish  elvans  also,  impressed  me 
greatly.  There  must  be  some  reason  for  it.  I  endeavoured  to  account 
for  their  origin,  but  could  see  no  practical  importance  in  what  seemed 
to  be  a  purely  petrological  puzzle. 

I  now  see  that  Mr.  £.  C.  Sullivan,  in  discussing  the  interaction 
between  minerals  and  water-solutions,  points  out  that  '*  salt  solutions, 
as  decomposing  agents,  are  much  more  active  than  pure  water,  and 
are  comparable  with  acids  in  this  respect."     Mr.  H.  Foster  Bain  also 

Soints  out,  with  reference  to  zinc  and  lead,  that  '*  the  ore  bodies  are 
onbtless  due  to  concentration  or  re-concentxation  through  the  action  of 
underground  waters"  {Nature,  vol.  Ixxvi,  p.  659).  Here  we  have 
a  direct  connection  indicated  between  the  Devon  and  Cornish  mineral 
veins  and  the  ubiquitous  chlorides  of  potassium  or  sodium;  also 
a  possible  explanation  of  the  common  connection  between  chlorides 
and  the  schorl  rocks  of  the  Western  counties. 

If  I  can  get  metallurgists  and  chemists  to  perceiye  that  chlorides  in 
quartzes  may  have  a  distinct  bearing  on  practical  mining,  and  above 
in.  money-making,  the  investigation  of  the  chloride  problem  will  be 
secured,  and  there  will  be  no  need  for  me  to  further  trouble  my 
many  geological  friends  by  my  importunity. 

When  a  most  distinguished  authority  said  that  I  based  my  world  on 
an  elephant,  the  elephant  on  a  tortoise,  and  the  tortoise  on  microscopio 
grains  of  chloride  of  sodium,  he  stated  the  absolute  truth.  The 
chlorides,  both  as  to  their  origin  and  their  significance,  have  puzzled 
me  more  than  any  other  petrological  conundrum. 

I  am  fully  convinced  that  petrologists  have  no  idea  how  ubiquitous 
the  chlorides  are  in  the  Western  granites.  One  amateur  friend  assures 
me  they  are  very  rare.  An  expert  friend,  to  whose  diagnosis  I  submit 
unreservedly,  once  sent  me  a  slide  for  me  to  say  whether  there  were 
OHif  chlorides  in  it.  The  slide  was  mounted  with  an  asphaltum  ring, 
precluding  the  use  of  a  high-powered  objective,  and  the  cover  was 
not  too  thin.  It  abounded  in  chlorides — in  fact,  was  rather  a  good 
example.  It  once  took  me  about  three  evenings'  work  with  the  iHr 
to  conquer  one  refractory  slide,  but  at  last  I  detected  one  very  minute 
cube.  That  of  course  sufficed  to  prove  the  presence  of  chlorides  when 
the  quartzes  crystallised.     Of  course,  my  point  is  the  diffusion  of 
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chlorides  throughout  the  district,  not  the  optical  ahundance  of  cubes  in 
every  slide.  Moreover,  brine  solutions  cannot  be  detected  unless 
sufficiently  concentrated  to  deposit  crystals.  It  is  quite  likely  that  in 
the  slide  referred  to  all  the  fluid  inclusions  are  saline,  even  though 
only  one  of  them  can  be  proved  by  the  microscope. 

A.  B.  Hmrr. 

FOXWORTHY,  MORETGNUAMPSTEAD. 

2nd  October,  1907. 


PROFESSOR    CHARLES    STEWART,    LL.D.,    M.R.C.S., 

F.R.S.,    F.L.S.,    F.R.M.S. 

Born  1840.  Dibd  Sbptsmbkr  27,  1907. 

Br  the  death  of  Professor  Charles  Stewart,  which  has  occurred 
after  a  somewhat  protracted  illness,  the  Boyal  College  of  Surgeons 
of  England  has  lost  one  who  has  successfully  filled  the  office  of 
conservator  of  the  museum  for  the  past  twenty-three  years.  After 
attending  as  a  medical  student  at  St.  Bartholomew's  Hospital 
Professor  Stewart  became  a  member  of  the  Koyal  College  of  Surgeons 
in  the  year  1862.  He  was  admitted  a  Fellow  of  the  LinnsBan  Society 
in  1866,  and  was  President  of  that  body  during  the  years  1890 
to  1894,  and  in  the  following  year  served  as  Vice-President. 
Professor  Stewart  was  also  a  Fellow  and  Vice-President  of  the  Boyal 
Microscopical  Society,  and  became  one  of  its  honorary  secretaries  in 
1878.  He  was  Treasurer  of  the  Anatomical  Society  of  Great  Britain 
and  Ireland  from  its  foundation  until  1891.  During  the  period 
1894-1897  he  held  the  office  of  Fullerian  Professor  of  Physiology  at 
the  Royal  Institution,  and  delivered  several  evening  lectures  at  the 
same  place.  He  was  admitted  a  Fellow  of  the  Royal  Society  in  1896, 
and  obtained  the  honorary  LL.D.  of  Aberdeen  XJniversity.  Before 
being  appointed  Conservator  of  the  College  of  Surgeons'  Museum 
Professor  Stewai't  was  curator  of  the  museum  of  St.  Thomas's 
Hospital,  lecturer  on  Comparative  Anatomy,  and  joint  lecturer  with 
Professor  John  Harley  on  Physiology  at  that  institution.  He  was 
subsequently  appointed  Professor  of  Biology  and  Physiology  at 
Bedford  College.  In  the  year  following  his  appointment  at  the 
College  of  Surgeons  he  was  elected  Hunterian  Professor  of  Human 
and  Comparative  Anatomy,  and  held  the  post  until  the  year  1894. 
The  true  value  of  Professor  Stewart's  scientific  work  is  not  to  be 
judged  solely  by  his  writings,  which,  in  spite  of  the  vast  extent  of  his 
knowledge  gained  from  his  personal  observations,  were  comparatively 
few  in  number,  but  it  is  to  be  seen  rather  on  the  shelves  of  the 
College  Museum  in  the  unrivalled  series  of  preparations  and  dissections 
by  which  he  sought,  in  continuation  of  the  work  of  previous 
Conservators,  to  illustrate  important  phases  in  the  evolution  of  the 
organic  world  and  thus  to  amplify  the  original  scheme  of  John  Hunter, 
whose  collection  forms  the  nucleus  of  the  College  museum.     Professor 
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Stewart  was  a  master  in  the  ai*t  of  lecturing.  His  easy  and  lucid 
style,  combined  with  a  rare  power  of  swift  and  effective  drawing  on 
the  blackboard,  woidd  have  made  his  addresses  notable  quite  apart 
from  the  peculiar  charm  of  his  delivery. — 27ie  Morning  Post,  Saturday, 
September  28th,  1907. 


EDMUND    MOJSISOVICS    VON    MOJSVAR,    Sc.D. 

TVb  regret  to  record  the  death  at  Mallnitz,  on  the  2nd  October,  of 
the  eminent  Austro-Hungarian  geologist  and  palaeontologist,  Johann 
August  Georg  Edmund  Mojsisovics,  Edler  von  Mojsvdr,  Sc.D.  Camb., 
Foreign  Memb.  Geol.  Soc.  Lond.,  author  of  numerous  memoirs  on  the 
Cephalopoda  of  the  Austrian  Trias,  to  the  description  and  illustration 
of  which  he  devoted  very  many  years  of  his  life.  He  was  a  member 
of  the  k.k.  Geologischen  Reichsanstalt  in  Vienna ;  and  usually  resided 
at  Strohgasse,  26,  Vienna  3/3.  We  hope  to  give  a  fuller  notice  of 
Dr.  £.  Mojsisovics  later  on. 


REV.    RICHARD    BARON,    F.L.S.,    F.G.S. 
Born  1847.  Died  Octobeb  12,  1907. 

Wb  regret  to  record  the  death  (from  heart-failure,  following  an 
attack  of  malarial  fever)  of  the  Rev.  Kichard  Baron,  who  for  thirty- 
five  years  was  engaged  in  missionary  work  at  Antananarivo, 
Madagascar,  in  connection  with  the  London  Missionaiy  Society. 
Mr.  Baron  was  a  frequent  contributor  to  the  Antananarivo 
Annual^  and  took  an  earnest  interest  in  the  botany,  geology,  and 
palaeontology  of  Madagascar.  In  March,  1889,  he  communicated  to 
the  Geological  Society  of  London,  through  the  Director-General  of 
the  Geological  Survey,  some  interesting  notes  on  the  geology  of 
Madagascar,  with  an  appendix  on  some  fossils  collected  by  him^  by 
Mr.  R.  Bullen  Newton,  F.G.S.,  of  the  British  Museum  (IJ'atnral 
History).  At  the  same  meeting,  March  6th,  1889,  Dr.  F.  H.  Hatch, 
F.G.S.,  contributed  some  notes  on  the  petrographical  characters  of 
some  rocks  collected  by  Mr.  Baron  (Geol.  Mag.,  1889,  pp.  234-235, 
and  Quart.  Joum.  Geol.  Soc,  1889,  vol.  xiv,  pp.  305-331,  pi.  xiii, 
and  map).  A  second  extensive  collection  of  Invertebrate  fossils  was 
made  by  Mr.  Baron  in  1891,  during  a  journey  of  1,200  miles,  in 
which  he  visited  the  east  coast,  the  northern  end  of  Madagascar,  and 
the  north-west  coast  and  adjacent  islands.  His  description  of  the 
geology  and  the  rocks  examined  form  the  subject  of  an  excellent 
paper  read  before  the  Geological  Society,  November  2l8t,  1894 
(Quart.  Joum.  Geol.  Soc,  vol.  li,  1895,  pp.  57-71,  pi.  i),  to  which 
Mr.  R.  B.  Newton  contributed  a  description  of  the  fossils  obtained  by 
Mr.  Baron  (op.  cit.,  pp.  72-92,  pis.  ii  and  iii). 

From  Mr.  Baron's  observations  and  collections  we  learn  that 
sedimentary  rocks  occur  mainly  on  the  western  and  southern  sides  of 
the  island.  From  the  fossils  brought  home  it  appears  that  the 
following  formations  are  represented,  namely :  Eocene,  Fpper 
Cretaceous,  Neocomian,  Oxfordian,  Lower  Oolitic,  and  Liassic  rocks. 
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Possibly  some  of  the  slatj  beds  may  prove  to  be  of  Silurian  or 
Cambrian  age.  Becent  deposits  fringe  the  coast  and  are  largely 
developed  on  the  southern  part  of  the  island.  The  alluvial  and  peat 
deposits  and  old  lake-bed  accumulations  have  been  largely  explored 
by  Dr.  C.  I.  Forsyth  Major  and  later  by  Mr.  Standing,  and  have 
yielded  numerous  genera  of  Newpitheeus^  JiegaladapU,  MippopoUmui, 
Crocodilia,  Chelonia,  JEpyomit^  etc.  Mr.  Baron  also  discovered  the 
fossil  remains  of  one  of  those  long- snouted  Gavial-like  Crocodilia, 
considered  to  be  of  Lower  Oolitic  age,  which  was  described  and  figured 
by  Mr.  R.  B.  Newton  in  the  Geol.  Mao.,  1893,  pp.  193-198,  PL  IX, 
under  the  name  of  Steneotaurtu  Banmi, 

It  is  interesting  to  mention  that  in  the  rocks  described  in  1889  by 
the  Bev.  Eichard  Baron  as  Jurassic  in  North-West  Madagascar,  the 
remains  of  a  Sauropodous  Dinosaur,  referred  by  Mr.  B.  Lydekker  to 
Bothr%09pondylu9  J^adapaseariensis,  should  have  been  obtained  by 
Mr.  J.  L.  Last,  closely  resembling  forms  found  near  Oxford,  also  at 
Fletton,  near  Peterborough,  and  in  the  Kiroeridge  Clay  of  Wiltshire 
(see  Quart.  Joum.  Geol.  Soc,  1895,  vol.  li,  pp.  329-386). 

Mr.  Baron  furthermore  communicated  to  the  Linnean  Society 
a  valuable  paper  on  ''The  Flora  of  Madagascar"  (Joum.  Linn.  Soc. 
Bot.,  vol.  XXV,  1888,  pp.  246-350),  and  was  the  author  of  the  first 
geological  textbook  in  Malagasy,  1896,  pp.  191,  with  numerous 
illustrations  in  the  text,  a  copy  of  which  is  preserved  in  the 
Geological  Department  of  the  British  Museum. 

In  1891  the  Council  of  the  Geological  Society  of  London  marked 
their  appreciation  of  Mr.  Baron's  geological  work  in  Madagascar  by 
the  award  of  the  balance  of  the  proceeds  of  the  Murchison  Greological 
Fund,  in  testimony  of  the  interest  taken  by  them  in  the  geological 
work  which  amid  many  discouragements  he  was  carrying  on  in 
Madagascar. 

Geologists  owe  a  great  debt  of  gratitude  to  such  men  as  the 
Bev.  Bichard  Baron  and  Mr.  Standing  in  Madagascar,  and  the 
Bev.  Samuel  Couling,  M.A.,  at  ChiDg-chou-fu,  Kiao-chow,  North 
China,  who  in  such  distant  regions  and  amid  inimical  surroandings 
have,  with  but  little  encouragement,  carried  on  most  valuable 
scientific  researches  and  stimulated  others  to  follow  where  they  have 
led  the  way. 


IC^ISOHUU-AJCTEOTJS. 

Sebvico  Geolouico  e  Minebalogico  no  Brazil. — By  a  decree  approved 
January  10th,  1907,  the  Federal  Government  of  Brazil  has  established 
a  Geological  Survey  with  the  title  of  Serviqo  Geologico  e  Mineralogico 
do  Brazil,  as  a  bureau  of  the  Department  of  Industry,  Highways,  and 
Public  Works.  The  service  has  already  been  organized,  and  systematic 
work  has  been  commenced.  The  results  of  the  Survey's  work  will  be 
published  as  rapidly  as  possible.  Communications  and  exchanges 
should  be  addressed  to  the  office  of  the  service  at  No.  49,  Bua  da 
Quitanda,  Bio  de  Janeiro,  Brazil.     Orville  A.  Derby,  Chief. 
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I. — The  Structure  of  Glacier  Ice. 

By  R.  M.  Deblbt,  M.I.C.E.,  F.G.S. 

(PLATES  XXIII  AND  XXIV.) 

IN  the  GsoLoeiCAL  Magazine  for  April,  1895,  p.  152,  the  results 
of  some  ohservations  made  by  Mr.  George  Fletcher,  E.G.S.,  and 
myself  on  the  structure  of  glacier  ice  were  given. 

Thin  plates  of  ice  were  made  by  cutting  and  melting,  and  then 
examined  in  polarized  light.  In  aU  cases  it  was  found  that  the 
individual  crystals  were  in  close  contact,  there  being  no  evidence  of 
the  presence  of  a  eutectio  separating  them.  The  crystals  in  the  same 
piece  varied  very  greatly  in  size,  and  had  very  irregular  outlines. 

As  the  sections  which  we  figured  were  in  all  cases  drawn  by 
hand,  I  thought  it  advisable  to  construct  a  special  form  of  instrument 
with  which  to  obtain  actual  photographs  of  thin  sections  of  glacier 
ice.  The  instrument  eventually  used  consisted  of  two  bundles  of  thin 
glass  plates,  one  being  used  as  a  polarizer  and  the  other  as  an  analyser. 
They  were  fixed  vertically  above  each  other,  and  between  them  was 
the  glass  stage  upon  which  the  thin  ice  sections  rested.  Below  the 
analyser  was  a  small  lens  throwing  the  image  of  the  ice  section  upon 
a  photographic  plate. 

Last  Summer,  accompanied  by  Mr.  H.  Amold-Bemrose,  M.A.,  F.G.S., 
who  kindly  assisted  me  in  the  matter,  I  visited  the  Furka  Pass,  and 
we  obtained  photographs  of  the  ice  of  the  Ehone  Glacier. 

Figs.  1  and  2  are  full-sized  photographs  of  thin  slices  of  ice. 
Samples  with  small  crystals  were  selected,  so  as  to  bring  many  crystals 
within  the  limits  of  the  field.  The  ice  section  was  about  '03  inch 
thick,  and  where  the  surface  between  two  crystals  is  at  an  angle  with 
the  glass  plate  upon  which  the  ice  section  rested,  interference  fringes 
are  consequently  to  be  seen. 

In  the  ice  caves  we  noticed  the  beautifully  lined  surfaces  of  the 
crystals  of  which  the  glacier  is  formed,  and  were  successful,  by 
adopting  very  simple  means,  in  obtaining  correct  reproductions  of  the 
structure.  The  lines  consist  of  alternate  ridges  and  furrows,  and  we 
found  that  by  placing  a  piece  of  paper  upon  the  ice  surface  and 
rubbing  with  a  pencil,  very  beautiful  copies  could  be  obtained. 
Figs.  3  to  7  are  reproductions  of  these. 
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The  structure  on  the  glacier  ice  surface  shown  by  these  rubbings 
results  from  the  slow  melting  and  evaporation  of  the  surface ;  for  if 
by  the  warm  hand  or  other  means  the  surface  be  melted  until  it  is 
quite  smooth,  in  the  course  of  a  few  hours  the  structure  will  again 
develop.  Melting  takes  place  most  actively  between  the  crystals, 
forming  comparatively  wide  channels,  shown  in  the  rubbings  by  the 
broad  white  Unes.     The  small  white  dots  are  air  bubbles. 

In  Fig.  3  the  crystalline  grains  vary  largely  in  size  and  have  very 
irregular  outlines.  The  markings  on  their  surfaces  much  resemble 
'finger-prints/  and  the  lines  run  at  various  angles.  In  Fig.  4  two 
main  lines  of  fracture  run  parallel  with  each  other  across  the  ice. 
They  are  not  quite  straight,  the  boundaries  of  the  individual  grains 
having  moved  somewhat  owing  to  the  growth  of  some  grains  at  the 
expense  of  others,  since  shear  took  place.  One  line  of  shear  in  Fig.  5, 
though  somewhat  bent,  is  almost  unaffected  by  this ;  but  in  Figs.  6 
and  7  marked  changes  have  taken  place  in  what  were  originally 
straight  lines  of  shear.  It  will  be  noticed  that  the  coarseness  of  the 
ridges  and  furrows  on  the  surfaces  of  the  grains  varies  very  much. 
This  is  probably  due  to  the  angle  the  optic  axis  bears  to  the  lined 
surface. 

McConnell'  and  0.  Miigge'  have  shown  that  an  ice  crystal  behaves 
as  if  it  consisted  of  an  infnite  number  of  very  thin,  non-expansible, 
but  perfectly  flexible  layers,  somewhat  like  paper,  between  the 
different  sheets  of  which  there  is  a  sticky  substance,  so  that  the  sheets 
can  only  with  difficulty  glide  over  each  other.  The  layers,  being  non- 
expansible  and  perpendicular  to  the  optic  axis,  in  the  act  of  beuding 
slide  over  each  other ;  but  the  crystal  axes  still  remain  at  all  points 
perpendicular  to  the  bent  surface.  Miigge  states  that  the  slipping  or 
sliding  did  not  commence  in  the  case  he  tried  until  the  stress  reached 
a  certain  limit,  but  it  does  not  appear  that  the  experiment  was  quite 
decisive  on  this  point,  as  the  ice  used  was  probably  not  quite 
homogeneous.  Whether  the  ice  is  plastic  or  viscous  at  right  angles  to 
the  optic  axis  is  therefore  uncertain. 

Striations  on  ice  crystals  were  noticed  by  Miigge.  He  states  that 
broken  surfaces  of  ice,  especially  those  of  bent  bars,  almost  always 
show  a  fine  striation  at  right  angles  to  the  optic  axis ;  but  is  unable 
to  state  whether  the  striations  observed  on  glacier  grains  run  parallel 
to  the  base  and  are  identical  with  the  striation  of  translation.  I  have 
never  seen  these  striations  except  on  strained  ice,  and  although  proof 
that  the  striations  on  glacier  grains  run  parallel  to  the  base  is  required, 
I  am  strongly  inclined  to  think  that  they  do,  and  that  they  develop  on 
such  surfaces  by  evaporation  owing  to  the  irregular  stresses  in  the 
crystals.  If  this  view  should  prove  correct,  the  irregularities  in  the 
striations  shown  on  the  ice  rubbings  indicate  to  us  the  direction  of  the 
optic  axis  and  show  that  what  may  be  regarded  as  large  crystals  are 
by  no  means  symmetrical. 

The  greater  portion  of  the  ice  of  a  glacier  has  the  structure  shown 
in  Fig.  3.     Here  the  grains  are  quite  irregular,  large  ones  and  small 

^  Proo.  Roj.  Soc,  1890,  pp.  48,  259,  and  1891,  pp.  49,  323. 
'  Jahrb.  fiir  Min.,  1895,  p.  211. 
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ones  lying  side  by  side.  Shear  planes  are,  however,  constantly 
forming  and  breaking  up,  and  displacing  the  parts  of  the  crystals 
more  or  less.  Pigs.  4,  5,  and  6  show  this  clearly.  As,  however, 
the  ice  grains  are  coDtinually  changing  shape,  some  growing  and 
others  decreasing  in  size,  these  shear  planes  in  time  disappear  as  they 
have  partly  done  in  Fig.  7. 

In  the  paper  already  referred  to  this  interchange  of  molecules,  which 
causes  some  glacier  grains  to  grow  and  others  to  decrease,  was  regarded 
as  the  cause  of  glacier  motion,  and  should  produce  true  viscous  motion 
in  the  glacier  as  a  whole,  even  though  it  may  be  unsound  to  regard  an 
ice  crystal  as  truly  viscous  at  right  angles  to  the  optic  axis. 

EXPLANATION  OF  PLATES  XXIII  AND  XXIV. 

Fios.  1-2.    Fiill*sized  photographs  of  thin  Blices  of  ice,  about  0*03  inch  thick. 
,,    3-7 •    Lines  and  surtace-markings  obtained  by  takinr  rubbing  of  the  actual 
surfaces  of  the  glacier  ice  in  ice-cayes.    Tney  consist  of  alternate 
ridges  and  furrows. 


II.— Thv  Relationships  of  thb  '  Spabassodokta.'  ' 
By  Dr.  W.  D.  Matthxw,  of  the  American  Museum  of  Natural  History,  New  York. 

rB  Sparassodonta  are  an  interesting  group  of  extinct  mammals 
found  in  the  Tertiary  formations  of  Patagonia.  They  appear  to 
have  taken  the  place  of  true  Camivora  in  South  America  aunng  most 
of  the  Tertiary  period,  as  the  Carnivorous  Marsupials  do  in  the  modem 
fauna  of  Australia.  Their  relationship  has  been  in  dispute  since  they 
were  first  made  known  to  science  by  the  distinguished  South  American 
palaeontologist  Florentine  Ameghino.  In  dental  formula  and  other 
characters  of  the  teeth  and  jaws  they  agree  with  the  Carnivorous 
Marsupials,  and  show  a  high  degree  of  adaptive  specialization  for 
predaceouB  habits.  Dr.  Ameghino  was  able  to  determine,  however, 
crom  specimens  in  his  collection,  that  the  replacement  of  the  premolars, 
in  certain  genera  at  least,  was  more  complete  than  in  modem  mar- 
supials, and  approached  that  of  the  placental  camivora.  He  regarded 
them,  therefore,  as  an  intermediate  group,  ancestral  to  the  Creodonta 
and  modem  Camivora.  Mr.  Tomes,  in  his  interesting  study  of  the 
enamel  stmcture  of  the  Creodonta  and  allied  groups,  has  recently 
shown  that  in  one  genus  of  Sparassodonts  the  enamel  shows  the  more 
highly  differentiated  structure  of  the  true  Carnivora,  instead  of  the 
more  primitive  structure  of  Marsupial  Carnivores.  The  collections 
made  by  the  Princeton  and  American  Museums  in  the  Santa  Cruz 
formation  of  Patagonia  contain  a  splendid  series  of  Sparassodont 
remains,  including  skulls  and  skeletons  of  the  principal  genera,  which 
have  recently  been  exhaustively  studied  by  Dr.  Sinclair.  These  show 
that  the  Sparassodonts  agree  with  Marsupials,  and  especially  with 
Thylacinui  in  almost  all  the  distinctive  features  of  dentition,  skull,  and 
skeleton  characters  by  which  they  are  separated  from  the  placental 
mammals.     Mr.  Sinclair  gives  an  extended  list  of    the  marsupial 

»  *•  Marsupials  or  Creodonts?"  R.  L.  in  Nature,  March  2l8t,  1907.    C.  8.  Tomes, 
'*  On  the  Minute  Structure  of  Ihe  Teeth  of  Creodonta,  etc.'* :   Proc.  Zool.  Soc. 
London,  June,  1906.    W.  J.  Sinclair,  *'  Marsupialia  of  the  Santa  Cruz  Beds "  : 
,  B«porti  ot  the  Friooeton  Expeditions  to  Patagonia,  voL  iv,  part  3,  Sept.,  1906. 
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characters  of  the  group,  embracing  twenty  or  thirty  more  or  less 
independent  points  of  structure,  and  including  most  of  the  important 
osteological  peculiarities  of  modern  Marsupials.  There  are,  however, 
certain  points  of  difference. 

1  Sinclair's  material  did  not  enable  him  to  demonstrate  any  more 
extensive  replacement  of  the  premolars  than  prevails  among  modem 
Marsupials,  viz.  p.  4  only.  Ameghino  states  that  in  Borhyana  the 
canine  and  in  Cladoxictis  the  canine  and  second  premolar  are  also 
preceded  by  milk-teeth. 

2.  Palatine  vacuities,  characteristic  of  most  Marsupials,  as  well 
as  some  placental  mammals,  are  lacking  in  this  group. 

3.  There  are  no  indications  of  marsupial  bones.  This  does  not 
necessarily  mean  that  they  were  absent ;  they  may  have  been  small 
and  without  distinct  articular  facets,  and  not  preserved  in  the  fossil 
skeleton.     They  are  vestigial  in  Tht/laeinus. 

4.  Enamel  structure  as  in  Placental  Camivora.  This  is  known  only 
in  one  genus,  Borhycena^  the  largest  and  most  specialized  of  the  group. 
Mr.  Tomes'  paper  was  not  published  at  the  time  Dr.  Sinclair's 
monograph  was  written,  so  that  this  important  point  was  unknown 
to  him. 

On  the  other  hand,  we  have — 

1.  Dental  formula  typically  marsupial,  with  three  premolaiB  and 
four  true  molars,  as  opposed  to  the  placental  formula  with  four 
premolars  and  three  true  molars. 

2.  The  characters  of  the  basicranial  region  agree  with  Marsupials, 
in  some  res()ects  also  with  Insectivores,  and  differ  from  Creodonts  and 
modem  Carnivores. 

3.  The  malar  bar  is  extended  posteriorly  to  take  part  in  the  pre- 
gleiioid  process. 

4.  The  posterior  border  of  the  palate  is  perforated  by  a  large 
foramen  on  cither  side  of  the  posterior  nares. 

5.  Post-zygomatic  and  sub- squamosal  foramina  present. 

6.  Transverse  process  of  seventh  cervical  vertebra  perforated  by 
vertebral  artery. 

7.  The  arraiip:ement  of  carpals  and  tarsals  is  in  fairly  close  agree- 
ment with  Carnivorous  Mai^supials,  and  decidedly  different  from  the 
type  common  to  Creodonts  and  the  less  specialized  Carnivora.  In 
particular,  the  small  lunar  and  large  magnum,  the  peculiar  type 
of  astragalus,  etc.,  agree  with  Marsupials  generally  and  differ  from 
Placcntals  generally,  the  agreement  and  difference  being  very  marked 
when  comparison  is  confined  to  Carnivorous  Marsupials  and  Placentals. 

Yarious  other  characters  are  listed  by  Dr.  Sinclair,  but  the  above 
appear  to  be  the  most  essential.  In  the  writer's  opinion  any  one 
of  these  outweighs  in  importance  all  of  the  characters  except  the  last, 
in  which  the  Spai*assodonts  differ  from  Marsupials.  The  enamel 
structure  is  doubtless  a  character  of  high  importance  if  constant 
throughout  the  group,  but  even  if  it  proves  to  be  so  it  admits  of 
an  explanation  which  would  bring  it  in  accord  with  the  marsupial 
relationships  of  the  group. 

Dr.  Lydekker  is  not  convinced  by  the  evidence  adduced  by 
Sinclair.    He  regards  the  Sparassodonts  as  descended  from  CreodontflL 
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Concerning  the  dental  formula  he  observes:  '^  The  dental  formula  of 
the  cheek-teeth,  in  the  opinion  of  I)r.  J.  L.  Wortman  and  the  present 
writer,  is  identical  in  the  Spai*assodont8.  Carnivorous  Marsupials,  and 
Creodonts,  and  is  therefore  of  no  importance  except  to  indicate  the 
mutual  relationship  of  all  three  groups  ''  This  assertion  can  only  be 
taken  to  mean  that  the  dental  formula  in  Marsupials  and  Sparassodonts 
is  derived  from  that  of  Creodonts  by  reduction  of  the  successional 
premolars.  This  theory  is  very  generally  held.  But  for  *  Creodonts ' 
might  just  as  well  have  been  substituted  Camivora  or  Eutheria  in 
general.  Accepting  Dr.  Lydekker's  view  as  to  the  derivation  of  one 
formula  from  the  other,  the  fact  remains  that  they  are  distinct  and 
show  no  approximation  among  the  oldest  known  Tertiary  representa- 
tives of  the  two  groups.  Carnivorous  Marsupials,  perfectly  typical  as 
to  dental  formula,  inflection  of  the  jaw,  etc.,  occur  with  the  early 
Creodonts  in  the  Eocene  and  Oligocene  formations  of  North  America 
and  in  the  Oligocene  of  Europe.  Indeed,  if  we  may  rely  on  the 
imperfectly  known  Jurassic  mammals  the  distinction  between  the  two 
formulas  dates  well  back  into  the  Mesozoic. 

In  one  or  more  genera  of  the  Sparassodonta,  Dr.  Ameghino  has  found 
evidence  that  the  canines  and  the  second  post-canine  tooth  (premolar), 
as  well  as  the  third,  is  replaced  by  a  successional  tooth.  In  others, 
so  far  as  known,  the  third  premolar  only  is  replaced,  as  in  modem 
Marsupials.  This  does  not  affect  the  dental  formula.  The  fourth  post- 
canine  tooth  is  always  molariform,  belongs  to  the  lacteal  series,  and  is 
never  replaced  by  a  successional  tooth.  In  no  Creodont  is  any  tendency 
observed  toward  the  retention  of  the  fourth  milk  premolar  in  the 
permanent  series;  the  number  of  permanent  molars  does  not  exceed 
three,  and  the  replacement  is  of  the  normal  Eutherian  type. 

The  absence  of  palatal  vacuities  among  the  Santa  Cruz  Sparassodonta 
and  of  epipubic  bones  in  one  genus  cannot  be  considered  as  of  equal 
importance  with  the  dental  formula  and  other  characters  listed  above, 
since  they  are  neither  constantly  nor  exclusively  present  among 
Marsupials.  Epipubic  bones  are  vestigial  in  Thylacinue^  the  most 
nearly  related  form  among  modem  Marsupials ;  their  presence  in  less 
specialized  types  of  ancient  and  modem  Marsupials  indicates  them  as 
a  primitive  character  of  the  order  lost  in  certain  specialized  races. 
Even  if  this  character  were  known  to  be  constant  throughout  the 
Sparassodonta  it  would  merely  accord  with  the  general  trend  of  their 
specialization,  and  is  surely  no  argument  for  removing  them  from  the 
Marsupialia.  As  for  the  absence  of  palatine  vacuities  in  Sparassodonts, 
this  feature  can  hardly  be  given  great  weight  since  palatal  vacuities 
are  absent  in  several  modem  Marsupials  and  present  in  several 
Insectivores.  Whether  the  vacuities  are  primary  or  secondary  is  not 
very  clear ;  it  does  not  follow,  at  all  events,  that  because  the  Sparasso- 
donts are  related  to  Thylaointte  they  are  directly  ancestral,  and 
the  presence  of  palatine  vacuities  in  the  modem  genus  may  be  an 
archaic  character  lost  by  the  South  American  group  but  retained  along 
with  several  other  more  primitive  characters  by  the  modem  Australian 
genus.  Palatal  vacuities  are  absent  in  the  primitive  Erinaceid  Proterix 
and  in  the  LeptictidBB,  from  which  family  the  hedgehogs  are  probably 
derivable,   but  are  present  in  the  modem  hedgehog;  this  may  be 
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a  parallel  case.  The  facial  yacuities  of  the  Artiodactjla  are  certainly 
secondary  developments  and  are  independently  developed  in  different 
families.  The  hypothesis  that  they  are  retained  from  reptilian  anoestry 
is  certainly  not  supported  hy  any  adequate  evidence.  Nevertheless, 
the  palatal  vacuities  of  Marsupials  may  date  hack  to  the  earliest 
differentiation  of  the  order,  and  their  loss  he  an  independent  speciali- 
zation in  each  group  where  it  occurs;  the  uniform  presence  of  the 
character  in  all  the  more  generalized  memhers  of  the  order  seems  to 
point  to  this  conclusion. 

The  principal  marsupial  characters  of  the  Sparassodonta  thus  appear 
to  be  of  much  greater  weight  than  anything  that  can  he  adduced  in 
favour  of  their  placental  relationship.  They  are  definite,  constant, 
and  exclusive  characters  of  the  marsupial  skeleton,  and  no  material 
approximation  to  any  of  them  occurs  among  the  Creodonts.^  There  is 
but  one  character  of  real  importance  which  appears  to  connect  the 
Sparassodonts  with  the  Creodonts  and  modem  Camivora,  vis.  the 
histological  structure  of  the  enamel.  The  investigations  of  Mr.  Tomefl 
on  the  enamel  structure  in  Marsupials,  Creodonts,  and  Camivora  have 
yielded  some  very  significant  results,  and  it  may  be  as  well  to 
summarize  them  briefly  and  point  out  what  their  real  hearing  is.  He 
shows  that — 

1.  The  marsupial  enamel  is  distinguished  hy  two  principal 
characters  :  (a)  it  is  penetrated  by  tubes  from  the  dentine,  and  is  thus 
less  completely  differentiated ;  (&)  its  component  prisms  are  parallel, 
lacking  the  interlacing  arrangement  of  Camivora. 

2.  In  the  Inadaptive  Creodonts  {Sinopa  and  Hyanodon,  family 
HysBnodontidac  ;  Oxyama^  family  OxyaBnidoe  ;  Pachi/ana  and  Mesonyx, 
family  Mesonychidse)  the  enamel  structure  is  identical  with  that  of 
modern  Camivora. 

3.  In  the  Adaptive  Creodont  Didymictis  and  the  primitive  Cynoid 
Cynodictu  the  enamel  is  not  penetrated  by  tubes  from  the  dentine,  but 
its  component  prisms  are  parallel. 

4.  In  Borhffcena  amon<^  the  Sparassodonta  the  enamel  structure 
is  that  of  Inadaptive  Creodonts  and  modern  Carnivora. 

5.  Traces  of  the  more  primitive  enamel  structure  are  seen  in  the 
lower  orders  of  Placentjtls  (In sect i vera  and  Rodents) ;  and  in  Hyrax^ 
the  most  primitive  of  hoofed  Placentals,  the  enamel  is  like  that  of 
Marsupials. 

6.  Among  the  Marsupials,  the  more  specialized  carnivorous  types 
exhibit  the  nearest  approximation  to  the  higher  development  of  the 
enamel  characteristic  of  Placentals.  Pha^colomys  alone  among  the 
Diprotodonta  resembles  the  Placentals  in  its  enamel  structure. 

Prom  these  facts  we  may  deduce  that — 

1.  The  Marsupials  are  not  derivable  from  the  Creodonta,  since  their 
enamel  structure  is  much  more  primitive. 

2.  The  Creodonta  are  closely  related  to  the  Fissipede  Camivora, 
and,  like  them,  show  a  high  grade  of  evolution  in  enamel  structure. 

*  There  is  a  elir^ht  iiiflection  of  the  jaw  in  the  later  Mesonychidae,  but  it  is  not  at 
all  like  the  marsupial  inflection.  Certain  other  alleged  approximations  are  equally 
alight,  superficial,  or  nnimportant. 
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3.  The  Adaptive  Creodonts  are  more  primitiye  than  the  Pissipedia, 
while  the  Inadaptive  Creodonts  have  reached  an  equal  grade  of 
specialization  in  enamel  structure  as  in  other  respects. 

4.  Borhyana  is  more  highly  developed  than  any  modem  marsupials, 
equalling  the  modem  Camivora  in  its  enamel  specialization.  Whether 
this  applies  to  the  other  Sparassodonta  with  less  specialized  dentition 
is  not  known. 

The  above  conclusions  harmonize  very  readily  with  the  evidence 
from  the  morphology  of  the  teeth,  skull,  and  skeleton  in  the 
Carnivorous  Marsupials,  Creodonts,  and  modem  Camivora.  They  are 
certainly  not  in  accord  with  Dr.  Lydekker's  view  that  the  Marsupials 
are  derived  from  Creodonts.  The  highly  developed  enamel  structure 
of  Borhyana  may  be  best  interpreted  as  meaning  that  certain  of 
the  South  American  pseudo-Carnivora  were  more  progressive  and 
specialized  in  the  histology  of  their  teeth  than  any  of  the  modem 
Australian  pseudo-Camivora,  as  they  certainly  are  in  many  other 
features  of  their  osteology  and  dental  evolution,  in  each  case 
paralleling  (for  obvious  mechanical  reasons)  the  Placental  Camivora. 
The  loss  of  epipubic  bones  and  of  palatal  vacuities  might  also  be 
expected  as  a  consequence  of  their  more  progressive  character,  while 
their  marsupial  derivation  and  relationship  is  attested  by  practically 
all  the  remaining  characters  distinctive  of  the  order. 

As  regards  the  position  of  the  Creodonts,  the  writer  has  had  the 
opportunity  during  the  last  three  years  of  studying  a  collection  far 
more  extensive  and  complete  than  has  ever  been  known  before,  and  hopes 
shortly  to  publish  the  results  of  these  studies.  It  is  sufficient  to  say 
at  present  that  the  evidence  is  entirely  in  accord  with  the  conclusions 
derivable  from  the  valuable  data  on  the  histology  of  the  teeth  given 
by  Mr.  Tomes ;  that  the  Creodonts  were  nearly  related  to  the  modem 
Camivora,  and  show  no  considerable  approach  to  the  Marsupials ;  that 
the  Inadaptive  Creodonts  (Creodonta  of  Wortman  and  Lydekker)  are 
not  intermediate  between  Carnivora  and  Marsupials,  but  parallel  the 
modem  Carnivora,  specializing  earlier  than  the  Adaptive  group 
(included  in  Carnivora  by  Wortman),  which  latter  approximates  the 
Marsupials  to  a  limited  extent  by  retention  of  several  primitive 
characters.  These  conclusions  have  been  maintained  in  recent  years, 
and  the  antiquity  of  the  division  between  Marsupials  and  Placentals 
emphasized  especially  by  Osborn,  Scott,  and  the  writer  in  this 
country,  and  by  most  European  authorities ;  the  additional  evidence 
confirms  them  throughout. 

III. — Sedgwick  MusEiraf  Notes. 

The  Base  of  the  Silurian  neab  Haverfordwest. 

By  F.  R.  CowPEE  Reed,  M.A.,  F.G.S. 

ON  several  previous  occasions  ^  the  author  has  described  in  the  pages 
of  the  Geological  Magazine  certain  fossils  from  so-called  *'  Slade 
Beds  "  from  the  roadside  near  St.  Martin's  Cemetery,  Haverfordwest. 

»  Reed:  Geol.  Mao.,  Dec.  V,  Vol.  II,  1906,  pp.  98,  100,  103,  PI.  IV, 
Figs.  8-12 ;  ibid.,  pp.  447,  448,  449,  451,  453,  PL  XXIII,  Figs.  3,  4-7,  9,  16 ; 
ibid.,  pp.  493,  494,  497,  498,  500,  PI.  XXIV,  Fig8.  1-10,  14,  15 ;  ibid..  Vol.  Ill, 
1906,  p.  361. 
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A  large  collectioa  of  fossils  has  been  made  by  Mr.  Y.  M .  Tumbnll 
from  this  particular  locality  during  the  last  few  years  and  presented 
to  the  Sedgwick  Museum.  From  a  prolonged  study  of  this  material 
and  comparison  with  the  typical  fauna  of  the  Slade  Beds  as  described 
by  Messrs.  Marr  &  Eoberts,  the  conclusion  has  been  forced  upon  me 
that  we  have  here  to  deal  with  a  higher  palseontological  horizon  than 
the  true  Upper  Bala  of  this  district,  and  that  there  is  much  more 
reason  for  putting  it  in  the  Silurian  than  for  keeping  it  in  the  Ordovician. 
The  stratigraphical  evidence  which  has  subsequently  become  available 
is  in  support  of  this  view.  A  list  of  the  fossils  from  this  bed 
may  be  useful  at  the  present  moment,  particularly  as  the  Sedgwick 
Museum  possesses  by  far  the  most  extensive  series  which  has  been 
collected  from  it  (see  opposite  page,  537). 

The  rock  in  which  they  occur  is  a  greenish-grey,  fine-grained, 
argillaceous  mudstone  with  occasionally  minute  specks  of  mica  and 
a  little  arenaceous  material,  but  usually  of  a  very  uniform  smooth 
texture.  It  breaks  in  an  irregular,  often  subconchoidal  manner,  and 
is  devoid  of  any  regular  or  well-marked  planes  of  division.  Exposed 
surfaces  and  the  fossils  themselves  are  generally  more  or  less  iron- 
stained.  In  appearance  and  general  characters  it  is  difficult  or 
impossible  to  distinguish  the  rock  from  the  higher  beds  of  the  Slade 
Series,  but  the  fauna  is  completely  different. 

The  mudstone  lies  above  a  series  of  unf ossiliferous  (?)  black  shales, 
and  intercalated  in  the  latter  is  found  a  persistent  bed  of  sandstone 
or  grit.  This  whole  series  of  beds  may  be  conveniently  termed  the 
*'  St.  Martin's  Beds,"  as  a  local  designation  seems  necessary;  and  the 
f ossiliferous  mudstone  in  it  may  bear  the  name  of  the  '*  St.  Martin's 
Mudstone.'* 

The  true  Ordovician  occurs  near  Portfield  House  as  a  more 
micaceous  mudstone  lying  fifty  yards  below  the  band  of  sandstone, 
according  to  Mr.  Tumbull,  and  yielding  IVinucleus  aeticornis.  Or  this 
hiforata^  Leptcena  tericea,  etc.  But  until  the  whole  succession  has  been 
worked  out  we  may  defer  attempts  at  correlation,  and  a  detailed 
comparison  of  the  St.  Martin's  and  associated  beds  with  those  of  other 
areas  is  at  present  undesirable. 

The  occurrence  of  Phacops  mucronatusy  Strophomena  silurianay 
Meristella  cf.  crassa,  and  Diplo.  cf.  modestus  are  sufficient  in  themselves 
to  show  that  we  have  here  to  deal,  not  with  the  highest  Ashgillian, 
but  with  the  base  of  the  Silurian.  The  strongly  marked  palseonto- 
logical  break  between  the  St.  Martin's  Mudstone  and  the  Slade  Beds 
proper  seems  abundantly  to  justify  the  drawing  of  the  Silurian 
line  below  and  not  above  them.  All  the  typical  Slade  species  are 
absent ;  no  TrinucUua  occurs,  and  the  higher  affinities  of  the  fauna  are 
indicated  by  the  occurrence  of  certain  species  ( Cornulites  scalar t/ormiSf 
Ooniophora  cf.  cymhaformis,  MerisUUa  cf.  crassa^  Atrypa  cf.  flexuota, 
Orthis  cf.  Edgellianay  Scenidium  Zewm,  Crania  Ghrayi  var.,  Lingtda 
Si/mondsi,  Diplo.  cf.  modestus)  which  are  not  known  from  undoubted 
Ordovician  beds.  The  Llandovery  Beds  of  the  Gas  Works  have,  on 
the  other  hand,  a  completely  distinct  fauna. 

With  the  exception  of  the  Brachiopods  (especially  the  genus  Orthis) 
the  fauna  of  the  St  Martin's  Mudstone  is  poor ;   the  Ghisteropods, 


T,  C,  Canirill — Stratigraphical  Note, 


637 


Cepbalopods,  and  Graptolites  are  very  rare,  the  two  latter  groups  being 
represented  only  by  two  or  three  specimens  in  the  whole  collection. 
Lamellibranchs  are  numerous  in  peculiar  species,  hut  not  in  individuals. 
Trilobites  are  not  common,  but  of  them  Aeidaspis  and  Phacops  occur 
most  frequently. 

[Note. — In  the  sequence  given  by  Mr.  Cantiill,  his  Beds  1,  2,  3, 
and  4  correspond  to  my  **  St.  Martin's  Beds"  ;  see  p.  538.] 

LIST  OF   FOSSILS  FROM  THE   ST.  MARTIN'S  MUDSTONE. 


JPhaeops  mueronatutf  Brong. 
Ph.  gp. 

CjfphoMpiM  nugalopi^  McCoy. 
Acidaspit  tladenMu^  Reed. 
A.  Bp. 

Liehas  {Corydoeephalut)  sp. 
X.  cf.  laciuiatutf  Dalm.  ? 
7)irrilep€u  sp. 

CornulitM  tcaiari/ormiSf  Vine. 
TentaetUittt  sp. 
Orthoeerat  c£.  graeiU^  Portl. 
Betlerophon  cf.  aeutu*,  Sow. 
Cifrtolitet  sp. 
Hyolithe*  np. 

Fleurotnmaria  (Claihrotpira)  sp. 
P.  {Lio9pira)  sp. 
Holopella  sp. 

Mod%oiop9%$  Martini^  Reed. 
M.  tubgradataj  Reed. 
M.  2  sp.  ind. 

iniittUa  (1)  inutilU,  Reed. 
Orthode$ma  $emiradiata.  Reed. 
Otmioph'tra  cf.  eymba/onnitf  Sow. 
Arifa  TumbiUli,  Reed. 
Ctmodanta  tladenti;  Reed. 
C,  lingualis,  Fhiil. 


C.  sp. 

Merittella  cf.  eraua^  Sow. 

A  try  pa  imbricataf    Sow.    (cf.  JUxuoia^ 

Marr  &  Nicholson). 
Orthis  elegantula^  var. 
0.  cf.  Edgelliana,  Salt 
(/.  poreata,  McCoy,  var.  sladerui*.  Reed. 
O.  ve$pertiiiOf  Sow.,  var.  ? 
0.  aff.  Bouchardi,  Day. 
O.  sp.  ind. 

Strophomena  tilurianu^  Day. 
iS.  silurianaj  yar. 
iS.  sp. 

Leptana  rhomboidalia,  Wilck. 
Seenidium  Lewiti^  Day. 
Crama  Orayi^  Dar.,  var. 
Orbiculoidea  p^rrugata,  McCoy. 
Lingula  Symondti^  Sow. 
X.  ofa^a,  McCoy  P 
X.  2  sp.  ind. 
A  new  Cystidean. 
Crinoid  stem-ioints. 
*  FavoMtUs^  JlorositSf  Goldf. 
Diplograptut       cf.      modentui, 

(determined  by  Miss  Elles). 


I^pi 


IV. — St&atiobaphical  Note.^ 

By  T.  C.  Cantrill,  B.Sc.  Lond.,  of  the  Geological  Survey. 

rilHE  fossils  which  Mr.  V.  M.  TnmbuU  has  collected  from  supposed 
J_  Slade  Beds  on  the  *•  roadside  near  St.  Martin's  Cemetery,  Haver- 
fordwest," were  obtained  along  the  north  side  of  a  road  leading 
westward  from  St.  Martin's  Cemetery  to  Portfield  House,  on  the  west 
side  of  the  town.  About  half-way  between  the  Cemetery  and  Port- 
field  House  the  road  is  crossed  by  a  by-road  known  as  Jury  Lane; 
one  of  the  fossiliferous  localities  lies  110  yards  east  of  Jury  Lane 
crossing,  another  is  100  to  150  yards  west  of  it.  The  area  in  question 
is  contained  in  the  Old  Series  one-inch  Geological  Survey  map, 
Sheet  40,  the  New  Series  one-inch  map,  Sheet  228,  and  in  the  six-inch 
map,  Pembrokeshire,  Sheet  27  N.E. 

So  long  ago  as   1885  Messrs.  Marr  &  Roberts'  worked  out  the 
general  structure  of   the  district,   and  showed  that  the    town    of 

1  Commiinicated  by  permission  of  the  Director  of  H.M.  Geoloeictl  Surrey. 
«  ••Thi  Lower  I^seozoic  Rocks  of  the  Neighbourhood  of  HaTerfonlwert " : 
Quart.  Jonm.  Qeol.  Soo.,  vol.  xli  (1885),  pp.  476-491. 


Lower 
Llandoybht 
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Haverfordwest  is  situated  on  or  near  the  lunction  of  the  Lower 
Llandovery  Beds  on  the  south  with  the  Slade  ^eds  of  the  local  Upper 
Bala  on  the  north.  But  without  a  complete  and  detailed  survey  of 
the  ground  it  would  have  been  hazardous  to  assign  definitely  any 
given  locality  in  the  neighbourhood  of  the  junction  to  either  Bala  or 
Llandovery.  Messrs.  Marr  &  Roberts  showed  that  at  or  near  the  base 
of  the  Llandovery  there  is  a  band  of  coarse  conglomerate,  succeeded  by 
a  grit;  the  former  locally  thins  out  altogether;  the  latter  is  less 
variable.  The  grit  was  described  by  them  as  exposed  in  a  railway- 
cutting  south  of  Shoalshook  (north-east  of  Haverfordwest),  but  was 
not  traced  by  them  farther  westward,  into  the  immediate  locality 
which  has  since  yielded  fossils  to  Mr.  Tumbull. 

The  recent  work — as  yet  unpublished — of  the  Geological  Survey  at 
Haverfordwest  has  enabled  us  to  arrive  at  the  following  sequence : — 

/5.  Green  mudstones,  fossUiferons,  with  thin  grits  and  a  group  of 
sandstones.     Haverfordwest  gasworks. 
4.  Green  mudstones,  softer  and  more  shaly  than  6,  and  eomMra- 
tivel^  barren.    RaUway-cuttings  north-east  of  HaTerfbrdirast 
Station, 
(part).        I  3.  Shales,  dark-erey  and  blue-black. 

2.  Sandstone.     North-east  end  of  railway-cutting  at  Cethingi. 
1.  Shales,  dark-grey  and  blue-black,  with  conglomerate  aomedamai 
present  within  them  or  at  their  base. 
Sladb  Bids  (Bala).    Fossiliferous  mudstones. 

The  sandstone  (No.  2)  is  the  grit  described  by  Messrs.  Marr  ft 
Roberts  as  met  with  "  in  the  railway-cutting  south  of  Sholeahook  " 
(op.  cit.,  p.  484).  To  their  description  we  are  now  able  to  add  that 
from  the  railway  the  sandstone  can  be  traced  westward  to  St.  Martin's 
Cemetery,  which  it  traverses  from  end  to  end,  and  thence  through  the 
fields  bounding  the  north  side  of  the  road  which  yielded  Mr.  Tumbull's 
fossils.  As  the  b(;ds  dip  steeply  southward  it  follows  that  the 
fossil -bed  in  question  is  in  the  Llandovery  and  not  in  the  Slade. 
A  Brachiopod  band  a  foot  or  so  thick  is  present  in  the  railway-cutting 
at  Cethings  at  30  feet  above  the  top  of  the  sandstone  (No.  2  of  table) ; 
it  occurs  at  the  junction  of  the  dark  shales  (No.  3)  with  the  overlying 
mudstones  (No.  4),  which  for  some  feet  above  the  junction  are 
characterized  by  small  dai*k  blotches.  Exactly  the  same  sequence 
obtains  at  the  fossiliferous  localities  discovered  by  Mr.  Tumbull  west 
of  St.  Martin's  Cemetery :  the  sandstone  yields  debris  in  the  hedges, 
and  is  followed  on  the  south  by  black  shales ;  these  pass  up  where  they 
reach  the  north  side  of  the  road  into  dark-green  mudstones,  which 
yielded  the  fossils,  while  the  blotched  mudstones  are  exposed  on  the 
south  side  of  the  road  close  by.  The  beds  strike  along  the  road,  so 
that  all  the  fossils  are  referable  to  approximately  one  and  the  same 
horizon,  which  I  estimate  to  lie  about  250  feet  above  the  base  of  the 
Lower  Llandover}% 

Perhaps  one  of  the  most  interesting  fossils  Mr.  Tumbull  has- 
obtained  from  the  St.  Martin's  Cemetery  localities  is  a  graptolite  which 
Miss  G.  L.  Elles  identifies  as  Diplograptm  modestus,  a  characteristic 
Lower  Birkhill  form  common  in  the  Diplograpiu$  vesieuloiUi  zone  in 
the  MofPat  district  of  Scotland. 


Br.  H.  Woodward — On  Arthropoda  of  Coal-measureB.     639 

V. — FUBTHER    N0TB8    OW     THE    AjRTHEOPODA    OF     THE    BRITISH     COAL- 

KBA8ITRR8. 

By  HncRY  Woodward,  LL.D.,  P.R.S.,  F.G.S. 

FOR  some  years  past  a  Committee  of  Littleborough  and  Rochdale 
geologists,  consisting  of  Messrs.  W.  H.  Sutcliffe,  Walter  Baldwin, 
W.  A.  Parker,  8.  S.  Piatt,  and  others,  have  devoted  themselves  to 
the  task  of  working  out  the  beds  of  shale  containing  clay-ironstone 
nodules,  a  portion  of  the  Middle  Coal-measures  at  Sparth  Bottoms, 
half  a  mile  south-west  of  Rochdale  Town  Hall,  in  beds  estimated  to 
occur  135  feet  above  the  Royley  Mine  Coal-seam. 

In  the  clay-ironstone  nodules  occur  well-preserved  ferns,  CalamiteSf 
Si^illaria,  shells  of  Carhonieola  acuta  and  other  Coal -measure 
lamellibranchs,  whilst  the  number  of  Arthropoda  obtained  is  probably 
unsurpassed  in  any  locality  of  this  formation.* 

The  first  Arthropod  obtained  from  Sparth  Bottoms  was  noticed 
by  Mr.  Walter  Baddwin,  F.G.8.,  under  the  name  of  Preatwichia 
rotundata^  Prestw.,  sp.  (Trans.  Manch.  Geol.  Soc,  vol.  xxvii,  part  6, 
1901,  pp.  149-155,  with  a  plate);  the  second  in  1903,  by  the  same 
geologist,  who  identified  it  as  Bellinurtu  hellultUy  Konig  (op.  cit., 
vol.  xxviii,  part  8,  pp.  198-202).  The  third  and  most  important 
discovery  was  made  by  Mr.  W.  A.  Parker,  F.G.S.,  namely,  a  new 
species  of  fossil  Scorpion,  which  was  described  and  figured  in  1904  by 
Messrs.  Baldwin  &  Sutcliffe  under  the  name  of  Eoscorpius  Sparthensis 
(Quart.  Journ.  Geol.  Soc,  vol.  Ix,  p.  396.  fig.  2).  These  geologists 
have  continued  their  researches,  of  which  a  brief  account  was  given 
by  me  at  the  York  Meeting  of  the  British  Association  (1906).  Many 
subsequent  finds  Imve  been  most  obligingly  confided  to  me  by  these 
gentlemen,  and  through  the  kindness  of  Mr.  W.  H.  Sutcliffe  the 
specimens  figured  have  since  been  presented  to  the  Geological  Depart- 
ment of  the  British  Museum  (Natural  History),  the  only  condition 
imposed  being  that  they  should  be  described.  I  am  endeavouring 
gradually  to  carry  out  this  part  of  the  agreement. 

Previously  (Geol.  Mao.,  1905,  Dec.  V,  Vol.  II.  pp.  433-444) 
I  had  described  and  figured  various  forms,  namely :  Anthrapalamon 
serratus,  H.  Woodw.,  sp.  nov.  (op.  cit.,  pp.  438-439,  Figs.  1,  2) ; 
JEuphoheria  Brownii,  H.  Woodw.  (Fig.  3) ;  and  Xylohius  moniliformxB^ 
H.  Woodw.,  sp.  nov.  (op.  cit,  pp.  44*2-443,  Fig.  4).  In  that  paper 
I  also  gave  a  summary  of  several  other  Arthropods  discovered  and 
described  from  the  Lancashire  Coal-measures  up  to  that  date  (1905). 

In  June  last  I  figured  and  described  two  new  species  of  EurypUrus 
from  the  Coal-measures  of  Derbyshire' (Geol.  Mag.,  1907,  pp.  277-282, 
PL  XIII) ;  and  in  September  I  gave  a  description  of  the  brood-plates, 
or  marsupium,  lately  discovered  in  several  examples  (evidently  the 
females)  of  PyqocephaluB,  a  primitive  Schizopod  Crustacean  (op.  cit., 
1907,  pp.  400-407,  PI.  XVIII),  which  was  first  obtained  in  1857 
from  the  Glasgow  Coalfield,  afterwards  from  near  Manchester,  later 
from  Dudley,'  and  finally  from  Sparth,  Kochdale. 

^  Abstract  BritiBh  Association  Reports,  York  Meeting,  1906,  Section  C  (Geology). 

•  IHscoTored  by  Dr.  L.  Moysev,  M.A.,  of  Xottingham, 

»  DisooTered  by  Mr.  Herbert  tV.  Hughes,  Assoc.  R.S.M.,  F.G.S.,  of  Dudley. 
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1     Sbllinitriis  Baldwimi,  ip  nor 
Amongst  other  intereBtiDg  fosaila  from  this  last  named  locality  is 
a  BDiall  king-crab  which  I  bebeve  to  be  nev  and  undescribed;  the 
following  brief  descnption  may  acrre  for  its  idenbficabon. 


Pto.  1. — Bellmunu  Baldicini,  H.  Woodv.,  gp.  dot.  Eolsrmd  thr«a  timM  nit. 
size.  Coal-measures:  Spnrth  Bottoms,  Sparth,  near  Rocbdile.  Predated 
bj-  Mr.  W.  H.  Sutcliffe,  F.G.S.,  to  tbe  Geological  Doparteient  of  the 
BritJab  Miuenm  (Katutal  History). 

This  small  and  nearlir  perfect  king-crab  has  a  widely  expanded 
aemicircular  head-shiuld  (proaoma),  2J  times  as  broad  as  it  is  deep, 
the  gcnal  or  lateral  portions  of  the  ahield  being  each  aa  broad  as 
the  central  portion  (glabella) ;  the  lateral  aaglea  of  the  head-shield  are 
produced  posteriorly  into  atout,  well -developed  genal  spines,  tlie  points 
of  which  estend  as  far  back  as  the  sixth  post-cephalic  aegmcnt  of  the 
opisthosoroa.  The  head-ahield,  or  proaoma,  is  depressed  or  flattened 
anteriorly,  and  has  a  broad,  well-deBned  margin,  widest  in  front, 
diminishing  in  breadth  laterally,  till  it  ends  in  the  extremity  of  the 
cheek-Bpinea.  A  clearly -defined  raised  line  separates  the  glabella  from 
the  gcnal  portions,  but  the  cheeks  ore  confluent  in  front  of  the  glabella, 
which  is  enclosed  by  a  raised  line  forming  a  double  arch,  one  on  either 
aide  of  the  median  ridge ;  this  is  marked  by  a  small  V-shaped  indent, 
on  either  side  of  which  are  placed  the  larval  eyes  (ocelli),  while  the 
compound  eyes  are  seen  midway  on  the  lateral  raised  borders  of  the 
glabella,  aa  is  uaually  the  case  in  most  trilobitea  and  in  the  liring 
king-crab.  The  posterior  border  of  the  head-shield  (prosoma)  measures 
IS  mm,  in  breadth  across  its  falcate  comua.  The  opiathosoma  is  much 
sarrowor;  its  broadest  anterior  segment  which  joins  to  the  prosoma 
measnrea  only  10  mm.  across. 

The  opiathosoma  is  semicircular  in  oatlino,  and  is  composed  of 
eight  distinctly  trilobed  segments,  more  or  less  anchyloaed  together, 
and  diminishing  in  breadth  from  before  backwards ;  the  divinon  line 
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or  boundary  of  the  segments  can  be  distinctly  traced  across  the  body, 
being  terminated  on  either  margin  by  a  stout  falcate  spine  2  mm.  in 
loDgth  and  backwardly  curved. 

The  telson  or  tail-spine  is  fairly  stout,  it  is  9  mm.  in  length,  and  i» 
strongly  ridged  down  the  centre. 

This  little  king-crab  approaches  the  forms  described  by  Mr.  W.  H. 
Baily  in  1863  from  the  Coal-measures,  Queen's  County,  Ireland^ 
(Ann.  Mag.  Nat.  Hist.,  ser.  iir,  vol.  xi,  p.  107,  pi.  v,  fig.  1),  but 
the  carapace  is  more  rounded  and  the  genal  spines  are  less  sharply 
bent  outwards  away  from  the  body;  the  opisthosoma  is  also  lesa 
angular,  and  there  are  no  tubercles  on  the  median  line  of  the  body- 
segments  ;  the  marginal  spines  also  in  B.  Baldwini  are  shorter,  stouter, 
and  stronger  than  in  Mr.  Baily's  specimens.  This  is  true  also  of  the 
species  B,  hellulus,  Konig,  from  Dudley,  etc' 

In  September  last  I  named  a  new  species  of  Pygocephalu9  from 
Sparth  in  honour  of  its  discoverer,  Mr.  William  Albert  Parker,  F.Q.S., 
01  Eochdale,  one  of  the  most  enthusiastic  of  workers  at  the  Sparth 
Beds.  To-day  I  dedicate  this  Limvlus  to  Mr.  Walter  Baldwin,  who  haa 
described  as  well  as  assisted  in  finding  many  beautiful  specimens  from 
this  locality. 


X. 


ft. 


ft. 


X 

1 


Fio.  2. — BelUnurui  longieatidatiu^  H.  Woodw.,  sp.  nov.  Nat.  size.  CoaU 
measures :  Sparth,  near  Rochdale.  Presented  by  Mr.  W.  H.  Sutcliffe, 
F.6.S.,  to  the  Geological  Department  of  the  British  Museum  (Natural 
History),  Cromwell  Road. 

2.  Bellinubus  lowoicaudattjs,  sp.  nov. 

The  king-crab  (Fig.  2)  to  which  I  desire  to  call  attention  presents 
some  points  of  unusual  interest.      It  is  enclosed  in  a  rather  large 

1  H.  Woodward,  Brit.  Fobs.  Crust,  Merostomata :  Pal.  Soc.  Mon.,  part  t  (1878),. 
pi.  xxxi,  figs.  1,  2. 

«  Op.  cit.,  pi.  xxxi,  figs.  8,  3a. 
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nodule  of  shale  roughly  triangular  in  shape,  weighing  2lha.  2os., 
and  measuring  4  inches  across.  This  nodule  has  heen  successfully 
split  open,  and  reveals  upon  its  plane  surfaces  a  long-tailed  B^llinunu, 
lying  in  the  centre  of  the  transverse  section  of  the  walls  and  resting 
upon  the  surface  of  the  node  of  a  Calamite  stem  measuring  3  inches 
across,  to  its  dark  external  herder.  The  stem  has  heen  squeezed 
considerahly  out  of  its  normal  circular  form  into  that  of  a  nearly 
ohtuse  triangle,  having  two  nodal  huds,  shown  also  in  section  at  ».,  »., 
and  traces  of  the  woody  tissue  (xylem)  may  he  ohserved  along  the 
margin  at  a?.,  while  outside  (not  shown  in  Fig.  2)  is  a  dark  carbonaceous 
band^  doubtless  representing  the  outer  layer  of  the  stem  with  traces  of 
the  linear  leaves  of  the  Calamite. 

Plants  are  nearly  everywhere  associated  in  these  beds  with  the 
remains  of  Arthropods,  suggesting  fresh-water  conditions  and  always  the 
<ilose  proximity  of  land.  The  following  is  a  list  received  from  Mr.  Robert 
Kidston,  F.E.'S.,  a  year  ago,  of  fossil  plants  determined  by  him  from 
the  Middle  Coal-measures,  Sparth,  at  a  horizon  40  yards  above  the 
Arley  Mine  and  40  yards  below  the  Neddy  Mine.  He  had  not  seen 
the  above-noticed  specimen,  which  was  obtained  subsequently  to  his 
examination  of  the  plants  from  Sparth. 

Daetylotheea  plumosUf  Artis,  ep.  Spiropteru  sp. 

MarioptertM  muricata^  Schl.,  sp.  Calamoeladtu  equitetiformUj  Schl.,  sps. 
Alelhopteru  lonchitiea^  Schl.,  sp.  ,,  eharaJormiM,  Sternb.,  sps. 

,,  validUy  Boulay.  Sphenophyllum  eimeeifoiium,  Sthg.,  Bps. 

Neuropterii  impar^  Weiai,'  spa.  var.  BOxifragafoHum. 

CyclopUi-ia  trichomanoideSf  ^rongn.  Lepidophyllum  mnJuM,  Brongn. 

Fossil  of  doubtful  affinity : — 

Vetacapstda  Cooperi  (Mackie  &  Crocker). 

The  following  is  a  brief  description  of  Bellinuru9  longieaudatut : — 
Breadth  of  head-shield,  or  prosoma,  23  mm. ;  length,  9  mm.  Deeply 
emarginate  at  the  neck-furrow.  There  is  a  strongly-marked  raised 
rim  around  the  prosoma,  within  which  is  a  wide  depressed  border, 
which  is  continued  round  the  latero-posterior  margin  of  the  cheeks  to 
the  nuchal  furrow  of  the  glabella.  The  glabella  approaches  nearly  to 
the  front  border  of  the  head-shield  and  has  a  raised  border  around  it, 
forming  a  double  arch  in  front  with  a  V-shaped  indentation  on  the 
median  line,  which  is  ridged  down  the  centre ;  the  neck-furrow  is 
raised,  strongly  arched,  and  emarginated  ;  the  compound  eyes  occupy 
a  rather  backward  position  on  the  raised  lateral  border  of  the  glabella ; 
the  genal  portions  of  the  shield  are  well-rounded  without  prominent 
cheek -spines  at  the  postero- lateral  angles;  a  raised  rim  having 
a  flattened  border  extends  around  the  margin  of  the  cheeks  to  the 
neck-furrow.  There  are  faint  indications  of  neck-spines  at  the  posterior 
angles  of  the  glabella  (not  shown  in  the  figure).  The  opisthosoma, 
which  is  very  indistinct,  was  probably  8  mm.  in  length  by  15  mm.  in 
breadth,  with  a  short  spinose  border  to  its  segments;  the  telson 
measures  20  mm.  in  length,  and  is  narrow  and  pointed. 

This  is  a  very  well-marked  Limuloid,  although  imperfectly 
preserved ;  the  head-shield  is  broader  in  proportion  to  its  length  than 
<is  the  case  in  most  other  species,  and  the  cheeks  are  very  rounded. 
It  is  to  be  hoped  thtit  other  examples  may  be  met  with. 
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Dr.  H.  Dukinfleld  Scott,  F.K.8.,  has  figured  a  CaUmite  node  from 
Sparth  obteined  by  Mr.  W.  A.  Parker,  F.G.S.,  in  1891,  in  hU  "Studies 
in  Fossil  Botany,"  fig,  11,  p.  35.  Other  figures  will  be  found  in 
Professor  A.  C.  Seward's  "  Fossa  Plants,"  toI.  i,  1898:  p.  310,  fin.  73; 
p.  31 6,  fig.  77,  showing  nodes  and  buds ;  p.  330,  fig,  85  (linear  loavei 
of  a  Calamite). 

The  above  specimen  was  obtained  by  Messrs,  "W.  H.  Sutcliffe, 
F.G.8.,  and  Mr.  W.  A.  Parker,  F.G.8.,  and  presented  to  the  British 
Kasenm  (Natural  History). 

3.   EoBCORPiDS  (Mazohia)  'WiBDrasLETi,  H.  Woodw.,  ap.  nov. 

Since  the  discovery  by  Mr.  W.  A,  Parker,  F.G.8.,  of  the  nearly 
perfect  specimen  of  a  fossil  Scorpion  in  the  Middle  Coal-measures  at 
Sparth  Bottoms,  Lancashire  (described  and  figured  by  Messrs.  Walter 
Baldwin  and  W.  H.  Sutcliffe,  F.G.8.,  in  1904;  see  Quart.  Joum. 
GeoL  8oc.,  vol.  li,  pp.  394-399,  figs.  2,  3),  another  less  perfect 
example  belonging  to  a  distinct  species  has  been  forwarded  to  me  for 
examination.     It  presents  upon  the  two  split  surbces  of  an  irregularly 


FiO.  3. — £ota>rpiui   (Xatoaia)    Wariitigtiyi,    H.   Woodw.,   sp. 

oae-ttiird  oat.  Biie.    Hiddle  Goal-mewuies  ;  Sparth  fiot 

/.  chelicene ;  p.  pednialpi ;   I.,  I.  smbulatorr  1^ ;  e 

pT.  ptffi-abdonien.     (Only  five  of  the  uTsn  pne-obdaii] 

pnaeiTed  on  the  split  mrfaie  of  the  oodule.) 

fractured  clay- ironstone  nodule  the  impression  aad  counterpart  of  an 

Imperfect  head-shield,  with  some  of  the  limbs  and  five  of  the  pna- 

abdominol   segments  attached ;    the  post-abdomen  is  not  preserved. 

In  front  of  the  head-shield  the  two  cheliceroj  (/.)  are  seen,  and  one  of 

the  pedipalps  (p.)  or  maxillary  palpi  on  tlie  right  side  and  a  detached 

portion  of  the  other  on  the  opposite  side ' ;  also  parts  of  three  or  more 

of  the  imperfectly  preserved  ambulatory  legs  ('.,  l),  which  appear  to 

have  had  only  a  simple  stngle  claw  (not  clawt)  at  their  extremiaes. 

The  eyes,  which  are  rather  close  together,  are  round  and  prominent, 
with  their  lenses  directed  forwards ;  they  are  placed  near  the  centre 

I  Accidtntallj  omittsd  ia  figUM. 
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of  the  head-shield,  occupying  a  raised,  heart-shaped  area  encircled 
by  a  depression,  outside  which  is  a  rounded,  raised,  laterally  encircling 
border  divided  posteriorly  down  the  centre  line- by  a  narrow  groove. 
The  hinder  border  of  the  head  is  narrower  and  more  angular  than  the 
anterior,  which  is  slip:htly  rounded.  Each  segment  of  the  pne-abdomen 
has  a  narrow  raised  ridge  along  both  its  anterior  and  posterior  border, 
and  there  is  evidence  of  a  thinner  and  more  membranous  wrinkled 
integument  uniting  the  stouter  chitinous  dorsal  plates  of  the  several 
segments  together.  The  two  most  anterior  body-rings  are  narrower 
than  the  hinder  segments,  and  were  perhaps  ornamented  by  one  or  two 
tubercles  upon  their  surface,  in  addition  to  the  two  raised  ridges 
already  mentioned  on  the  anterior  and  posterior  border. 

Breadth  of  head-shield  in  front,  8  mm. ;  behind,  7  mm. ;  length,  10  mm. 

length  of  chelicene,  24  mm. ;  of  walking-legs,  2imm. 

Breadth  of  orbital  prominence,  /3  mm. 

Breadth  of  the  let  segment  of  the  prse-abdomen,  9  ^  mm. ;  length,  2  mm. 

f»            2nd               ,,                ,,             8  *  ,,  ,,       3  ,, 

If            3rd                „                ,,           10 »  „  „       5  „ 

>i            4th                „                ,,           13     „  ,,       6  „ 

*)            »^th                ,,                ,,           14    „  ,,       6  ,, 

The  form  which  most  closely  resembles  this  scorpion  from  Sparth 
(but  which  unfortunately  is  also  imperfect)  was  made  known  by 
Messrs.  Meek  &  Worthen  in  1868,  from  the  Carboniferous  formation 
of  Mazon  Creek,  Illinois,  U.S.A.  (see  Geol.  Surv.  Illinois,  vol.  iii, 
pp.  563-565.  figs.  A-D),  under  the  name  of  Mmumia  Woodiana.  It  has 
since  been  figured  in  many  works,  and  another  example  has  been 
described  from  the  Carboniferous  series  of  Joggins,  Nova  Scotia  (see 
Scudder,  Phil.  Trans.,  1882,  p.  650).  It  has  been  relegated  by 
Scudder  and  other  subsequent  writers  to  the  genus  Eoscorpiiu  (see 
Peach,  1882,  Thorell.  1885,  and  Scudder,  "Fossil  Insects,  Myriopods, 
and  Arachnids,"  Washington,  1891,  United  States  Geological  Survey, 
pp.  25  and  27).  Professor  Dr.  Anton  Fritsch,  of  Prague,  in  his 
recent  work  ("  Palaeozoische  Arachniden,**  Prag,  1904,  p.  77),  re- 
figures  it  under  the  old  name  of  Mawonia  Woodiana^  M.  &  W.,  fig.  96 
in  text,  but  mentions  that  Scudder  in  Zittel  (Eastman's  edition)  had 
adopted  £o8C(yrpius  as  the  generic  name.  Matonia  had  been  repre- 
sented in  the  fijjure  as  having  nine  segments  in  its  prsB-abdomen,  but 
that  most  probably  was  an  error  due  to  some  obscurity  in  its 
preservation  or  to  the  duplication  of  the  folds  of  the  integument 
already  referred  to,  which  may  have  looked  like  additional  segments. 
"We  may  rely  fully  upon  Mr.  S.  H.  Scudder's  determination  that  only 
seven  segments  are  really  present  in  the  prsB- abdomen  of  Mazonia,  and 
as  our  specimen  has  only  the  five  anterior  segments  preserved  we  need 
not  discuss  this  point  more  fully. 

There  is  sufficient  distinctive  character  in  the  Sparth  specimen, 
when  compared  with  Mazonia,  to  justify  us  in  giving  it  a  specific 
name,  and  1  j^ladly  comply  with  the  desire  of  my  friend  Mr.  W.  H. 
Sutcliffe  to  identify  it  as  EoKcorpiut  (Mazonta)  Wardingleyi,  after 
Mr.   Charles  Wardmgley,    F.G.S.,   of    Edinburgh,'  who   carried   on 

1  The  true  breadth  of  the  1st,  2nd,  and  3rd  segments  is  uncertain,  as  a  part  of  the 
left  side  U  buried  in  the  matrix,  and  the  nodule  resists  development. 
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excellent  geological  work  in  the  neighbourhood   of  Kocfadale   some 
yeare  ago. 

The   specimen  has    bees    presented  by    the    discovererB    to    th« 
Oeologiical  Department  of  the  BritiBh  Uuseum  (Natural  Sistory). 
4.    OzHALinnBA  (  ?)  Sutcliffei,  H.  Woodw.,  op.  dot. 


FlO.  i.~&traliaura  Sulelijii,  H.  Wood*.,  ap.  dot.  x  3  timea  nat.  size.  From 
the  Middle  Cou-mea«are8  :  Sparth,  near  Rofhdole.  Original  Bpecinien 
presented  to  the  Oeolo^cal  Department  of  the  British  Mumuiq  (Natural 


OTesented  t 
Eistorj). 


Among  the  smaller  forme  of  AracbnidB  from  the  Coal-meaBures  the 
above  Figure  4  represent*  one  obtained  a  year  ago  from  Sparth 
(enlarged  thrice  the  natural  size).  The  head-ahietd  was  either 
extremely  email,  or,  as  ie  more  probably  the  case,  it  has  been  dis- 
placed, and  ve  see  only  tho  centre  of  attachment  for  five  pairs  of  ehort, 
9t«ut,  ambulatory  limbs,  Those  bases  were  no  doubt  situate  around 
or  just  behind  the  mouth.  These  walking-legs  are  seven -jointed,  and 
terminate  in  a  simple  recurved  claw.  The  falces  and  the  palpi  are 
not  preserved.  Behind  tho  head  succeed  nine  pra-abdominal  segments, 
and  a  tenth,  an  extremely  small  narrow  segment,  which  is  no  doubt 
the  commencement  of  the  post-abdomen.  There  are  no  traces  of 
etigmata  on  any  of  the  eegmente ;  the  upper  surface  is  therefore  the 
only  one  seen  upon  the  two  halves  of  the  little  nodule.  The  head- 
shield  is  not  seen. 

let  segment  of  the  prs-abdomen  3  mm.  broad  by  2  mm.  long. 
Snd  „  ,,  fi  „  2        „ 

3id        „  „        ej       „       3 
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There  is  a  tenth,  extremely  narrow,  segment  just  on  the  edge  of  the 
nodule,  which  is  probably  the  first  post-abdominal  segment. 

The  first  five  segments  behind  the  head  are  narrower  in  front  and 
broader  along  their  posterior  border ;  but  from  the  sixth  to  the  ninth 
this  is  reversed,  as  they  are  broader  in  front  and  narrower  poeteriorly, 
giving  to  the  body  its  general  elliptical  form.  Each  segment  has 
a  slightly  raised  transverse  border  and  a  narrow  longitudinal  ridge 
along  the  median  line,  and  a  similar  lineation  midway  on  either  side ; 
the  lateral  margins  of  each  segment  curve  gently  outwards,  and  the 
posterior  angles  are  slightly  produced  and  pointed  backwards. 

This  fossil  is  no  doubt  related  to  Scudder's  genus  Qeralinura^ 
of  which  four  species  have  been  described  from  the  Coal-measures  of 
Bohemia,  viz.:  Oeralinura  Bohemiea,  Scudder;  G,  erassa,  Kusta; 
O,  nocttkif  Kusta;  G,  Scudderi^  Kusta  (see  Professor  A.  Fritsch, 
'^  Palaeozoische  Arachniden,"  1904,  pp.  61-62) ;  and  one,  G,  earhonaria^ 
Sc,  from  the  Coal-measures  of  Illinois.^ 

This  genus  is  defined  by  Mr.  Scudder  as  having  the  eephalothoraz 
{prosoma)  ovate,  rounded  in  front,  and  narrower  than  the  squarely 
truncated  posterior  border,  with  well-rounded  sides,  not  more  than 
half  as  large  as  the  abdomen,  which  is  cylindrical,  sometimes  depressed, 
and  composed  of  nine  principal  segments,  the  first  three  being  shorter 
than  the  others ;  and  is  followed  by  a  post-abdomen  of  three  much 
contracted  joints,  and  this  again  by  the  jointed  thread-like  tail 
(peculiar  to  the  Thelyphonides).  There  are  a  pair  of  eyes  on  the 
front  of  the  cephalothorax.  The  palpi  are  large,  robust,  and  coarsely 
chelate.     The  legs  are  moderately  long  and  slender.^ 

Our  specimen,  although  agreeing  generally  with  the  above  de- 
scription of  the  genus  Geralinura  in  its  body-segments,  differs  in  the 
shortness  of  its  limbs,  whilst  the  palpi  and  the  head  are  only  imperfectly 
preserved,  nor  is  the  thread-like  tail  visible.  But  rather  than  create 
a  new  genus  I  have  placed  it  provisionally  under  Scudder's  genus 
Geralinura^  and  dedicate  the  species  to  my  friend  Mr.  W.  H.  Sutcliffe, 
F.G.S.,  of  Shore  Mills,  Littleborough,  who  has  liberally  presented  this 
and  so  many  other  choice  specimens  to  the  British  Museum. 

5.  Antheacomabtus,  Karsch  :  Zeitsch.  deutsch.  geol.  Gesellsch.,  1882, 

p.  560. 

The  following  is  Scudder's  diagnosis  of  the  genus : — The  cephalo- 
thorax (prosoma)  is  quadrate,  the  front  square,  or  scarcely  convex, 
half  the  size  of  the  abdomen  (opisthosoma) ;  the  coxsb  laterally  affixed, 
radiating  from  a  broad  triangular  sternal  plate,  the  base  of  which 
forms  the  posterior  margin.  Sides  of  the  body  showing  a  distinct 
though  slight  constriction  between  the  prosoma  and  the  opisthosoma, 
the  latter  being  more  convex.  Opisthosoma  orbicular,  a  little  longer 
than  broad,  composed  of  seven  segments. 

Of  this  genus  Scudder  writes :  **  This  is  apparently  the  most 
abundant  type  of  Arachnida  in  the  Carboniferous  formation.     Kusta 

*  See  S.  H.  Scudder,  **  Illustrations  of  the  Carboniferous  Arachnida  of  North 
America  of  the  Orders  Anthracomarti  and  Pedipalpi,*'  May  7th,  1890,  pp.  454-456, 
pi.  xxxix,  figs.  1,  3,  4  :  Mem.  Boston  Soc.  Nat.  Hist.,  roi'.  ir,  No.  9,  Boston,  1890. 
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has  noticed  four  species  in  Bohemia  alone ;  one  is  found  in  Bavaria, 
one  in  Silesia,  and  at  least  two  in  our  own  coal."  If  we  follow 
Professor  Fritsch's  classification  and  include,  under  the  Anthraco- 
martidsB,  Anihraeomartus^  Brachypyge,  Antkraeosiro^  £otroyulue,  and 
VratUlavia^  we  should  have  to  record  fourteen  species  in  this  very 
widely  distributed  Carboniferous  family  of  Opiliones. 

1.  The  first  recognised  form  of  British  fossil  Arachnids  of  the  order 
Opiliones  was  described  by  me  in  1871  (see  Gkol.  Mao.,  Vol.  VIII, 
pp.  385-388,  PL  XI)  under  the  name  oi Eophrynus Prestvici^'^MQ^sl.^  sp. 
This  was  originally  noticed  by  Buckland  in  1836,  from  a  less  perfect 
specimen,  in  his  '*  Bridge  water  Treatise,"  who  referred  it  ''to  the  family 
Curculionidfe,  of  which  the  diamond  beetle  is  a  familiar  example.*' 
He  adds :  *'  the  abdominal  rings  are  very  distinct.  I  shall  designate  this 
insect  by  the  provisional  name  of  Curculioides  Prestvioii  "  (Buckland, 
vol.  ii,  1836,  pp.  76-77,  pi.  46,  fig.  2 ;  fig.  1  op.  cit.  has  not  been 
identified).    Locality,  Coalbrook  Bsde. 

2.  The  second  was  figured  and  described  in  the  Grological 
Magazine  for  1872  (pp.  385-387,  PI.  IX,  Figs.  1,  2)  under  the  name 
of  Architarhus  suhovalis,  H.  Woodw.,  from  the  Coal-measures  of 
Lancashire,  an  Arachnide  with  an  elongated  form  of  body.  It 
measures  only  16  mm.  in  length  and  7  mm.  in  greatest  breadth,  but  is 
more  evenly  oval  in  form  than  is  Oeralinura  Sutcliffei,  which  is  more 
nearly  elliptical  in  outline  (see  Fig.  4  of  this  paper). 

3.  The  fragmentary  remains  of  an  Arthropod  figured  and  described 
by  J.  W.  Salter  in  1863  as  Eurypterua  mammatus^  Salter,  from  the 
Coal-measures  of  Pendleton,  Manchester  (see  Quart.  Joum.  Geol.  Soc, 
vol.  xix,  p.  84;  and  Geol.  Mag.,  1873,  p.  105,  Figs.  1,  2),  are 
still  known  only  from  portions  of  body-segments,  but  there  is  little 
doubt  in  my  own  mind  that  they  are  parts  of  a  large  Arachnide. 
They  agree  closely  with  similar  Arthropod  remains  described  and 
figured  by  Jordan'  under  the  name  of  Arthropleura  armatay  Jordan. 

Similar  specimens  have  come  into  my  hands  from  the  Coal-measures 
of  Fifeshire,  collected  by  Mr.  J.  W.  Elirkby,  F.G.S. ;  from  the  Coal- 
measures  of  Eadstock,  Somerset,  collected  by  Mr.  J.  McMurtrie,  F.G.S. ; 
and  from  the  Coal-measures  near  Manchester  by  Professor  Sollas. 
To  these  I  hope  to  refer  again  shortly. 

4.  Mr.  R.  I.  Pocock  has  contributed  so  largely  to  our  knowledge  of 
the  recent  Arachnida  that  one  is  not  surprised  at  his  interest  also 
in  fossil  forms  (see  his  paper  on  Eophrynua  and  allied  Carboniferous 
Arachnida  in  the  Geological  Maoazlne,  1902,  pp.  439-448  and 
487-493,  with  figures  of  Eophrynus,  Brachypyye,  and  AnthraeO" 
martua,  pp.  490-491). 

5.  In  1903  Mr.  Pocock  continued  his  researches  and  described 
a  new  Carboniferous  Arachnid,  Anthracosiro  Woodwardi,  gen.  et  sp. 
nov.,  Geol.  Mag.,  1903,  pp.  247-251,  Figs.  A,  B. 

6.  He  described  a  second  species  of  Anthracosiro  (A,  FriUehi, 
sp.  nov.,  op.  cit.,  1903,  pp.  405-408). 

^  See  FaUBontographiea^  Bd.  iv  (1856),  Taf.  ii,  Figs.  4,  5,  from  the  Coal- 
meaflures  of  Soarbmck,  Rhenish  Prussia.  See  also  Pal.  Soc.  Mon.  Merostomata, 
pt  iT  (1872),  pp.  163-168. 
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A  table  of  the  orders  of  Arachnida  (after  Fritsch)  will  be  foond 
in  the  Qeolooical  Uaoazike  for  1904  (pp.  472-474),  which  will  give 
a  general  uotion  of  the  fossil  fomiB,  of  which  39  genera  and  67  species 
are  recorded : — 

37  Csrbomferoos  and  PenDO-CaTboniferons  from  Bahemia. 
6  Carboniferous  from  Silesia. 

Dresden  Husenm. 

Scotland. 
England. 
South  Wales. 
Arkansas,  U.S.  Ameriea, 
IllinoiB,  tJ.S.  America. 


To  these  we  may  add  : — 

1  ScDTpioD  from  U 


U.  Silurian  of  Gotland. 
,  „        Scotland. 

.,  „       N.  Ameriea. 


Fio.  S. — Anlhratoma  t  t  lb  Studder  1884  Proc  Amcr.  Acad.  Arts  and 
Sci.,  Tol.  II  p  17  tomptPB  rend  boc  ent  Bslg.  (3i,  Ko.  62(1885), 
p.  H5.  fig  Mem  Bo  ton  Soc  Nat  R  t  toI  ir,  No.  9  (Boston, 
1S9D),  p  45  pi  lYui  flgf  10  M  ddle  Coal-measures :  Spartb, 
seai  Uochdale  Lan  ash  e  Preaeoted  to  the  Geological  DepartmeDt  of 
the  British  ^luseum  (\atural  History)  bv  Mr  W.  H.  Sutclifte,  F.G.3. 

The  specimen  fron  Spnrth  Lke  so  maUT  other  examples  of  this 
widely  distributeil  type  d  spla  b  only  the  dorsal  or  tei^  aspect  of  an 
imperfectly  prcser  el  pro  omi  and  a  nearly  compltte  opisthosoma  of 
an  Antkracomartus  wh  ch  has  none  of  the  appendages  preserved,  and 
the  split  nodule  conta  n  ng  the  mprcaHion  has  but  a  fragmentary 
counterpart  which  a'^  sts  but  I  ttle  to  eke  out  a  description  of 
the  other  and  larger  half  The  spec  men  is  24  mm.  in  length  by 
15  mm.  in  breadth  Of  th  s  the  prosoma  is  8  mm  m  length  and  aiout 
8  mm.  in  breadth  the  op  sthosoma  s  17  mm  long  by  15  mm.  across 
the  widest  part,  but  the  margin  of  the  body  is  more  or  less  broken 
(see  rig.  5).  The  op  sthosoma  shows  a  median  dorsal  region  which 
is  8  mm.  broad  just  beh  nd  the  prosoma,  and  dimmuhes  in  breadth  t» 
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%^  mm.  at  the  distal  border ;  from  this  median  region  a  series  of 
diverging  radial  marginal  plates  forms  a  double  row  around  the 
dorsal  region,  both  rows  haviog  a  rounded  external  margin  which  runs 
somewhat  parallel  at  first  but  gradually  widens  posteriorly  from  the 
anterior  margin  to  the  terminal  central  plate.  The  horizontal  lines  of 
separation  between  the  plates  is  strongly  marked,  very  straight,  and 
parallel  upon  the  dorsal  region  of  the  opisthosoma,  but  the  vertical 
lines  converge  from  the  neck -segment  to  the  seventh  segment,  which 
is  narrowest  and  bears  a  sipo<ith  rounded  tubercle  upon  its  centre, 
corresponding  to  the  anal  ring  upon  the  sternal  aspect  of  the  body. 
The  surface  of  the  opisthosoma  is  finely  granulated.  The  first  segment 
is  nearly  twice  the  length  of  the  second,  which  is  narrowest;  the 
third,  fourth,  fifth,  and  sixth  segments  are  nearly  equal  in  length ;  the 
seventh  is  more  than  twice  the  length  of  the  preceding  one,  being  even 
longer  than  the  first  segment ;  the  eighth  in  line  is  not  probably 
a  true  segment,  but  a  post-anal  plate,  and  corresponds  to  the  '  telson  ' 
or  tail-plate  of  Litnulun  and  Eurypterus. 

I  do  not  propose  to  make  a  new  species  upon  this  very  interesting 
little  Arachnid,  but  prefer  to  refer  it  to  Scudder's  species  of  AnthraoO' 
martus  irilobitus  from  the  Carboniferous  formation  of  Fayetteville, 
Arkansas,  United  States,  with  the  description  and  figures  of  which 
it  most  closely  agrees  (see  Scudder,  Garb.  Arachnida  N.  America, 
May,  1890,  pp.  451-452,  pi.  xxxix,  figs.  7-10  :  Mem.  Boston  Soc.  Nat. 
Hist.,  vol.  iv,  No.  9,  Sept,  1890,  Boston,  U.S.). 
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III.     Tbamorb  Bat  to  Bukmobe  East. 
Bj  F.  R.  CowPBK  Rbbd,  M.A.,  F.G.S. 

THE  projecting  mass  of  land  between  Tramore  Bay  and  the  mouth 
of  the  River  Suir  consists  of  Old  Red  Sandstone,  and  the  cliffs 
are  mostly  high,  bold,  and  precipitous.  The  valleys  which  descend  to 
the  sea  are  more  or  less  filled  with  Boulder-clay  and  other  drift 
materials,  testifying  to  their  pre-Glacial  excavation.  The  geological 
history  of  these  valleys  and  of  the  large  shallow  lagoon  lying  inside  the 
long  spit  of  sand  dunes  which  nearly  cuts  off  the  head  of  Tramore  Bay 
deserves  a  separate  article,  and  we  will  therefore  here  commence  with 
the  description  of  the  eastern  shore  of  this  bay  stretching  £rom 
Summerville  to  Brownstown  Head.  Messrs.  Wright  &  Muff  ^  in  their 
paper  on  the  pre-Glacial  shore-line  of  the  South  of  Ireland  made  no 
reference  to  this  portion  of  the  Waterford  coast. 

The  cliff  below  Summerville  House  is  composed  of  the  usual  type 
of  Boulder-clay  of  the  district,  but  devoid  of  any  large  boulders ;  it  is 
capped  by  4-8  inches  of  whitish  to  yellow  marl  without  any  stones ; 
above  this  comes  1-2  feet  of  wind-blown  sand  immediately  beneath 
the  thin  soil.  The  Boulder-clay  here  is  only  about  6  feet  thick,  and 
the  total  height  of  the  cliffs  is  only  8-12  feet.     The  line  of  these 

1  Sclent  Proo.  Roy.  Dublin  Soc,  vol.  x,  pt.  2  (1904),  pp.  260-324. 
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drift-formed  clifPs  recedes  inland  behind  the  large  triangular  area  of 
grass-grown  hummocky  land  which. projects  seawards  at  Bass  Point; 
this  area  represents  a  comparatiyely  recent  accumulation  of  sand  which 
has  been  built  outwards  for  some  200  yards  from  the  base  of  the  difb 
80  as  to  narrow  the  channel  of  Binnashark  Harbour  leading  into  the 
Back  Strand  lagoon. 

Outside  the  mouth  of  the  harbour  the  base  of  the  drift  clifh  is 
washed  by  the  sea  at  high  tide,  and  their  height  has  increased  to  oyer 
20  feet.  Their  lower  10-20  feet  are  here  composed  of  wind-blown 
false-bedded  sand,  and  on  this  rests  S^-3  feet  of  yellow  Boulder-clay. 
A  layer  of  drift  sand  1  foot  thick  rests  on  the  latter,  and  then  come 
the  subsoil  and  soil.  This  succession  can  be  traced  for  about 
75-100  yards  along  the  shore,  but  the  thick  lower  sands  thai  die 
out,  and  a  dark  greyish  clay,  4-8  feet  thick,  comes  in  beneath  the 
Boulder-clay ;  it  is  full  of  small  angular  fragments  of  black  slate,  and 
in  some  places  rests  directly  on  the  Old  Red  Sandstone,  but  in  others 
on  very  coarse  'head'  composed  of  large  angular  or  subangular 
fragments  of  the  Old  Red  conglomerates,  flags,  and  sandstones  of  the 
locality.  This  head  must  undoubtedly  be  correlated  with  Messrs. 
Wright  &  Muff's  Lower  Head,  and  is  of  strictly  local  origin;  it 
reposes  directly  at  this  spot  on  the  smoothed  pre-Glacial  platform 
which  has  been  cut  across  the  alternating  succession  of  hard  and  soft 
beds  of  the  Old  Red  Sandstone. 

Portions  of  the  rock-platform,  more  or  less  dissected  by  recent 
marine  erosion,  can  be  observed  under  the  cliffs,  and  it  does  not 
appear  that  it  was  in  the  first  instance  planed  down  to  a  uniform  level 
surface.  Its  average  height  above  present  high- water  mark  is 
3-4  feet,  but  in  places,  owing  to  its  uneven  surface,  it  is  as  much  as 
10  feet. 

As  for  the  pre-Glacial  cliff,  it  is  obvious  that  it  does  not  run  quite 
parallel  to  the  present  coastline ;  and  it  seems  to  lie  a  little  distance 
inland,  being  indicated  by  an  abrupt  change  in  the  declivity  of  the 
hillside,  and  frequently  also  by  a  line  of  small  scars  at  the  top  of  the 
nearly  hprizontal  shelf  or  teiTace  of  drift  which  extends  outwards  as 
a  distinct  feature  of  varying  width  along  much  of  the  eastern  side  of 
Rinnashark  Harbour  to  end  abruptly  in  the  present  cliffs  of  drift, 
30-40  feet  high.  Post-Glacial  erosion  has  not  as  yet  been  sufficient 
here  to  cut  back  the  drift  deposits  as  far  as  the  old  cliff. 

The  Boulder-clay  (of  the  usual  type)  increases  in  thickness  as  we 
proceed  southwards  along  the  coast,  and  attains  a  thickness  of  20  feet 
in  the  cliff  a.  Here  and  tliere  above  it  we  meet  with  patches  or 
pockets  of  what  may  be  regarded  as  the  representative  of  the  Upper 
Head  in  the  shape  of  a  deposit  of  small  angular  or  subangular 
fragments  of  Old  Red  Sandstone  closely  packed  together,  and  with 
a  thickness  of  about  2-3  feet.  But  usually  the  sole  deposit  above  the 
Bouldcr-chiy  is  blown  sand  of  recent  date. 

Outside  Rinnashark  Harbour  the  pre-Glacial  cliff  curves  out 
westwards  so  as  to  meet  the  present  sea-margin,  and  the  drift 
deposits  are  then  seen  banked  up  against  the  solid  Old  Red  Sandstone, 
which  from  this  point  onwaixis  forms  the  modem  cliffs.  Except  in 
a  few  sheltered  epots  or  original  coves  the  pre-Glacial  cliff  has  been 
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cat  away  by  recent  erosion  on  this  exposed  bit  of  coast ;  bat  here  and 
there  for  nearly  a  mile  soathwards,  i.e.,  as  far  south  as  the  cove 
named  Cooneenclogher,  traces  of  it  may  be  met  with.  The  Lower 
Head  with  the  old  beach-deposits  below  it  are  occasionally  extremely 
well  exposed  in  these  spots.  The  patches  of  the  beaoh-deposiU 
measure  from  1-2^  feet  in  thickness,  and  consist  of  bedded  shingle 
and  sea-sand  arranged  in  definite  layers,  well-rolled  pebbles  of  the 
usual  ellipsoidal  shape  in  a  matrix  of  fine  sand  forming  the  basal 
bed.  The  pebbles  appear  to  be  entirely  of  local  origin,  and  are 
mostly  rounded  fragments  from  the  Old  Bed  conglomerates.  A  few 
such  well-rounded  pebbles  can  generally  be  found  at  the  base  of  the 
coarse  Lower  Head  in  cases  where  definite  beach-deposits  are  absent* 
The  Lower  Head  itself  is  extremely  coarse,  and  consists  of  huge 
blocks  of  the  Old  Red  Sandstone  series  of  the  cliffs,  mostly  of 
irregular  angular  shape,  but  some  with  rounded  comers.  Tabular 
masses  of  the  sandstones  or  flags,  shapeless  blocks  of  the  conglomerates, 
with  smaller  fragments  of  the  same,  and  a  little  fine  red  sand  compose- 
the  deposit,  which  frequently  possesses  a  thickness  of  12-14  feet. 
The  large  component  blocks  lie  at  all  angles,  and  are  often  as  much  a» 
8—4  feet  long. 

The  Boulder-clay  which  rests  directly  on  this  head  contrasts 
strongly  with  it  in  colour,  and  the  line  of  junction  is  clearly  marked 
and  fairly  xcg^lar.  In  one  place  the  head  is  well  seen  banked  up 
against  the  pre-Qlacial  cliff,  which  is  worn  and  rounded  off  at  the  top, 
as  Messrs.  Wright  &  Muff  have  noticed  elsewhere.  The  Boulder- 
clay  here  overlaps  the  head  and  comes  to  rest  directly  on  the  solid 
rock,  the  head  merely  filling  up  the  angle  at  the  base  of  the  cliff. 
It  is  remarkable  that  no  disturbance  of  the  loose  materials  of  the  head 
seems  to  have  taken  place  when  the  Boulder- clay  was  deposited;  the 
glaciation  cannot  have  been  intense  at  this  point. 

Rathmoylan  Cove, 

The  section  in  this  locality  is  chiefiy  interesting  from  the  clear 
development  and  coarse  nature  of  the  Upper  Head  at  the  mouth  of 
a  small  pre-Glacial  valley.  This  valley  runs  down  to  Bathmoylan 
Cove,  and  is  more  or  less  filled  with  drift  deposits.  The  present 
stream  has  cut  down  into  them  to  some  extent  so  as  to  form  small 
cliffs  4-5  feet  high  along  the  lower  part  of  its  course,  but  the  rocky 
floor  of  the  pre-Glacial  valley  must  be  sought  at  some  depth  below 
the  modem  beach-level  where  the  stream  now  enters  the  sea.  The 
cove  is  shut  in  on  the  east  and  west  sides  by  walls  of  solid  Old  Bed 
Sandstone,  and  is  in  reality  the  flooded  lower  end  of  the  old  valley, 
from  the  mouth  of  which  marine  erosion  has  removed  the  soft  beds  of 
drift  which  are  now  exposed  only  in  the  cliff  forming  the  head  of 
the  cove. 

This  cliff  rises  from  nearly  beach-level  by  the  road  leading  down 
to  the  strand  to  the  top  of  the  bounding  ridge  on  the  west,  giving 
a  cross-section  of  one  side  of  the  valley.  Small  landslips,  rainwash, 
and  vegetation  obscure  the  actual  face  of  the  upper  part  of  the 
pre-Glacial  slope,  but  the  steeply-sloping  rocky  side  is  well  seen 
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nearer  the  base  o(  the  olifl.  Beating  directly  upon  it  we  find 
a  deposit  which  must  undoubtedly  be  correlated  with  the  Lower  Head. 
This  bed  has  a  thickness  of  S-4  feet,  conforms  to  the  solid  rock-slope 
on  which  it  reposes,  and  disappears  with  it  below  the  present  beach- 
level  a  few  yards  out  from  the  western  angle  of  the  beach.  It  is 
composed  of  purely  local  materials  derived  from  the  immediately 
adjacent  beds  of  the  Old  Bed  Sandstone  flanking  the  valley;  the 
fragments  are  not  sorted  according  to  size,  but  are  roughly  arranged 
in  layers,  and,  though  the  larger  ones  (some  are  2—3  feet  long)  are 
angular,  the  smaller  ones,  consisting  of  the  soft  red  sandstone  of  the 
cliffs,  are  more  or  less  rounded,  and  there  are  intermixed  a  few  snudl 
rounded  quartz  pebbles  similar  to  those  in  the  neighboonng  coD- 
glojuerates. 


BaonoK  or  Durr  a  Ebui  of  Bathmotun  Cavm. 


A.  Old  Red  3i 

B.  Lower  Head.     3-1  feet. 

C.  Boalder-clsT.     6  feet. 

D.  Upper  Head.     1  foot. 

£.  Suidjr  gtungle,  1^2  fMt  thick,  thinning  eutwudi  lud  repUced  bj  dsf  at  E*. 

F.  Bulwoil  Bad  aoU. 

Resting  on  this  head,  but  not  as  clearly  marked  off  from  it  a«  usual, 
is  a  reddish  Boulder-clay  containing  many  small  rounded  pebbles 
mostly  of  quartz  or  of  the  Old  Bed  conglomerates,  with  comparatively 
few  large  or  angular  fragments.  These  few,  however,  are  frequently 
glaciated  and  scratched,  and  in  addition  to  boulders  of  the  immediately 
local  rocks  there  are  others  of  a  more  distant  origin ;  thus,  there  are 
angular  fragments  of  a  greyish  feldte  showing  beautiful  fluxion 
structure  and  banding,  and  there  are  well-rounded  bouldere  and 
pebbles  of  a  fine-grained  whitish  quartzite.  Less  common  are 
subaugular  small  slabs  and  chips  of  black  slate,  more  or  less  rounded 
boulders  of  a  greenish  felsitic  ash  or  felsite,  and  mnch  weatbei«d  and 
honeycombed  pieces  of  Carboniferous  Limestone.  The  total  maximum 
thickness  of  the  Boulder-clay  here  seen  ia  about  6  feet,  and  it  appears 
to  thin  out  against  the  valley  side  and  to  overlap  the  Lower  flead 
in  the  other  direction. 

Above  this  fiouldcr-clay  comes  a  rejnilor  but  unusually  coarse  deposit 
which  must  be  correlated  with  the  Upper  Head.  It  is  1  foot  thick 
and  consists  of  closely -packed  and  irregularly  bedded  angular  slabs 
and  blocks  of  the  local  sandstones  of  the  Old  Bed  identical  with  those 
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of  the  present  sea-cliffs.  These  are  intermixed  with  a  few  fragments 
of  the  conglomerates,  some  of  which  are  rounded,  and  there  are  a  few 
non-local  rocks  like  those  in  the  underlying  Boulder-clay.  There  is 
scarcely  any  fine  matrix  to  the  bed.  The  red  sandstone  fragments 
average  4-6  inches  in  length,  and  often  have  their  angles  rounded  off, 
but  towards  the  cliff  they  increase  in  size,  number,  and  angularity, 
attaining  a  length  of  1-1^  feet.  The  slabs  mostly  lie  flat,  being 
arranged  in  a  decidedly  parallel  manner  so  as  to  give  to  the  bed  the 
appearance  of  stratification,  but  there  is  no  sorting  according  to  size, 
except  in  the  horizontal  manner  above  mentioned.  This  deposit  is  very 
distinct  and  definitely  marked  off  from  the  other  beds.  It  dips  at 
a  much  lower  angle  to  the  valley -floor  than  the  rocky  slope  on  which 
the  Lower  Head  rests,  and  follows  the  slope  and  contour  of  the  present 
ground,  as  seen  by  the  edge  of  the  cliff  of  drift  in  which  it  is  exposed. 
At  about  20  yards  from  the  western  comer  of  the  beach  it  loses  its 
distinctive  characters,  thinning  out  and  merging  into  an  overlying 
bed  of  sandy  shingle.  This  bed  of  sandy  shingle  is  a  regular  deposit, 
1^2  feet  thick,  consisting  of  small  well-rounded  pebbles  and  sub- 
angular  fragments  of  the  Old  Red  rocks,  of  fairly  uniform  size  and 
roughly  bedded  in  sand ;  it  overlaps  the  Upper  Head  eastwards  in  the 
cliff  section,  itself  then  thinning  out  and  being  replaced  by  a  sandy 
bed  without  stones  6  inches  to  1  foot  thick  and  resting  directly  on 
the  Boulder-day.  The  materials  of  which  this  bed  of  shingle  and 
sand  are  composed  bear  the  obvious  mai*ks  of  arrangement  and 
deposition  by  running  water.  Resting  upon  this  bed  come  a  clayey 
subsoil  and  soil,  in  ail  about  2  feet  thick,  almost  devoid  of  rocky 
fragments  and  pebbles. 

Just  as  in  the  section  at  Pomaght  Strand  (Geol.  Mao.,  Dec.  Y, 
Vol.  lY,  1907,  p.  17),  we  find  here  deposits  of  water-borne  materials 
combined  with  the  subaerial  and  coastal  accumulations  of  pre-Glacial, 
Qlacial,  and  post- Glacial  times. 

The  Boulder-clay  of  this  portion  of  the  coast  does  not  contain  the 
large  masses  of  granites,  gneisses,  and  metamorphic  rocks  which  we 
have  described  near  Passage  (ibid.,  p.  501).  Most  of  its  non-local 
rocks  might  have  been  derived  from  the  weathered  debris  of  the 
neighbouring  Old  Red  Sandstone  conglomerates,  which  contain  a  most 
varied  assortment  of  rocks.  The  greater  part  of  the  shingle  of  the 
existing  beach  appears  to  have  been  derived  from  this  source.  But 
the  fragments  of  Carboniferous  Limestone  must  have  been  brought 
from  the  country  to  the  north  by  the  ice  or  some  other  transporting 
agent ;  and  there  is  so  far  no  reason  for  thinking  that  the  Boulder-clay 
here  was  the  product  of  any  ice-sheet  but  that  from  inland.  There 
is  no  evidence  that  the  Irish  Sea  ice  touched  the  coast  in  this  part, 
and  no  flints  or  marine  shells  have  been  found  in  any  of  the  beds  of 
drift. 

The  relations  of  the  present  and  ancient  watercourses  and  of  the 
inland  topography  to  the  movements  indicated  by  the  coastal  features 
are  still  under  examination,  and  promise  to  throw  considerable  light 
on  the  later  stages  in  the  geological  history  of  the  country. 
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Desebi    Conditiovs  and   thb  Obigik  of  the    Britibh  Tbias.^ 

By  J.  LoMAS,  A.B.C.S.,  F.G.S. 

{Caneluded  from  the  November  Number^  page  614.) 

rB  occurrence  of  salt  lakes  in  deserts  is  of  the  greatest  interest 
and  importance  in  the  quest  we  have  set  before  us.  Thej  are  so 
characteristic  of  arid  regions  that  it  is  essential  we  should  have  a  dear 
impression  of  their  peculiarities  if  we  wish  to  make  a  true  compaiiBon 
with  the  rocks  of  the  Trias.  They  have  been  described  so  frequently 
by  travellers  that  I  need  only  quote  one  or  two  examples. 

Munzinger,'  in  the  '^  Narrative  of  a  Journey  through  the  Afar 
Country,"  describes  the  great  salt  basin  to  the  east  of  the  Abysonian 
mountains  as  bordered  with  walls  of  gypsum.  Further  he  writes: 
'*  The  first  part  of  the  salt  basin  is  sandy,  but  after  a  short  distance 
clay  appears  on  the  top,  and  every  now  and  then  we  found  a  rain- 
ditch  with  powdered  salt  in  it.  After  1^  hours  march  we  found 
a  line  of  potasse  trees,  otherwise  no  tree  or  bush.  The  soil  by 
degrees  becomes  of  a  greyish  tint,  and  further  on  resembles  a  frosted 
ploughed  field ;  but  at  the  end  the  bed  of  salt  becomes  more  thick  and 
hard  and  presents  the  appearance  of  a  lake  frozen  over." 

Captain  C.  G.  Bawling,'  in  exploring  Central  Tibet,  visited 
numerous  salt  lakes.  Of  Gore  Tso  he  writes :  ''A  fine  lake  was 
seen  two  miles  to  the  east,  but  mounds  of  some  white  mineral,  piled 
up  along  the  banks,  almost  certainly  indicated  that  the  water  was 
undrinkable.  Although  this  was  the  6th  of  July,  the  lake  was  frozen 
from  end  to  end.  ...  On  the  following  morning  I  made  my 
way  to  the  shores  of  the  lake  and  found  ...  ail  around  rose 
a  solid  ridge  of  salt  deposit,  three  to  four  feet  high  and  from  thirty  to 
forty  feet  wide.  No  vegetation  grow  within  500  yards  of  the  shores, 
while  to  the  north  a  barren  plain  stretched  away  for  many  miles. 
The  lake  is  about  20  square  miles  in  area." 

Sven  Hedin,  writing  of  the  Takla  Makan  desert,  states  that  the 
dunes  are  arranged  in  a  sort  of  network  pattern  with  hollows— or 
bayirs — inside  the  meshes.  Clay  rises  as  oblong  terraces  or  steps 
four  to  five  feet  high  along  the  slopes,  giving  the  appearance  of  beach 
lines.  The  bottom  of  the  bayir  is  covered  with  a  granular  hard 
incrustation  of  salt,  at  a  distance  resembling  rime.  Upon  digging 
eight  or  nine  inches  a  thick  deposit  of  pure  salt  is  reached,  evidently 
filling  the  bed  of  a  desiccated  salt  lake,  the  margins  and  side  terraces 
of  which  are  coated  with  perfectly  horizontal  layers  of  yellowish-red 
clay  eight  to  nine  inches  thick  and  hard  as  stone.  In  some  bayirs 
a  pjirt  remains  moist,  and  is  edged  all  round  with  a  narrow  belt  of  «alt. 
A  bed  of  gypsum  was  observed  in  some  cases,  and  one  contained  the 
skeleton  of  a  water  bird  and  a  dead  day-fly. 


*  Proc.  Liverpool  Gool.  Soc,  vol.  x,  pt.  3,  lSf07,  pp.  172-180;  slightly  abridged. 
»  Geog.  Journal,  1869,  p.  200. 
»  *' The  Great  Plateau,"  p.  61. 
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The  above  excerpts  give  one  a  good  idea  of  what  the  desert  salt 
lakes  are  like,  and  one  or  two  facts  common  to  all  are  worth  noting. 
First,  we  have  the  clay  bottom  sometimes  augmented  in  thickness  bj 
layers  of  sand  which  have  drifted  into  the  pool ;  then  we  note  the 
constant  association  of  salt  and  gypsum  in  the  deposits.  It  is  well 
known  that  concentrated  brine  precipitates  the  sulphate  of  lime  out 
of  solution.  Further,  we  have  no  mention  of  carbonate  of  lime  as 
one  of  the  constituents  left  after  evaporation,  or,  at  least,  if  present 
it  is  not  in  sufficient  quantity  to  call  for  special  notice.  Yet  in  the 
waters  flowing  from  the  hills  towards  the  lakes  this  substance,  as 
the  bicarbonate  of  lime,  must  have  been  present,  and  probably 
exceeding  the  others  in  amount.  The  explanation  is  simple.  The 
bicarbonate  is  chemically  not  a  stable  compound,  and  readily  parts 
with  the  excess  of  carbonic  acid.  Hence,  in  passing  over  or  through 
the  soils  the  carbonate  of  lime  will  be  precipitated  and  form  the 
nodules  and  limestones  described  above,  while  the  more  chemically 
stable  compounds  will  reach  the  lakes  undiminished  in  quantity. 

So  it  happens,   as   we   should   expect,   that    carbonate    of   lime 
segregates  on  the  land,  while  salt  and  gypsum  are  the  chief  substances 
left  as  residues  in  the  desiccated  pools.     Dolomite  in  perfect  rhombo- 
hedral  crystals  is  occasionally  found  in  association  with  the  products' 
of  desert  pools. 

Drifting  sands  blowing  over  the  plains  may  fill  up  the  hollows  and 
leave  no  sign  on  the  surface  of  the  pools  which  formerly  existed  there. 
The  lake  deposits  would  still  be  there  buried  under  the  sand,  and  if 
a  section  could  be  made  through  them  we  should  find  beds  composed 
mainly  of  sand  with  thin  bands  of  clay  following  the  limits  of  the  lake 
and  irregularly  disposed  at  various  horizons.  On  the  margins  the  clay 
would  show  desiccation  cracks  and  ripple-marks,  the  footprints  of 
animals,  and  the  remains  of  such  forms  of  life  as  find  a  suitable  habitat 
under  such  conditions. 

Mr.  T.  H.  Holland,*  refening  to  the  deposits  in  the  Bajputana 
Desert,  states  that  silt  beds  occur,  filling  in  hollows  in  the  Archaean 
surface.  They  have  a  general  plano-convex  lens  shape,  and  are 
charged  with  salt,  beds  of  gypsum,  and  concretionary  nodules  of 
carbonate  of  lime. 

In  our  Triassic  rocks  we  get  the  exact  counterpart  of  these  filled-in 
desert  lakes.  Bands  of  clay  occur  in  all  the  divisions,  but  they  are 
more  common  in  the  higher  beds.  When  the  full  extent  of  the  clay 
bands  can  be  determined,  they  are  always  half  lenses  in  shape,  with 
the  convexity  downwards.  It  is  on  the  lower  surfaces  of  the  sand- 
stones, immediately  resting  on  the  clay,  that  we  find  casts  of  footprints, 
raindrops,  ripple-marks,  and  desiccation  cracks,  and  the  clays  often 
either  contain  pseudoinorphs  of  rock-salt  or  deposits  of  this  mineral 
and  gypsum  overlie  the  clay.  The  salt  beds  of  Cheshire  have  these 
associations,  and  are  now  generally  regarded  as  resulting  from  dried-up 
pools  or  lakes.  Even  when  beds  of  pure  salt  are  absent  it  is  found 
that  water  from  the  Keuper  Marls  is  almost  invariably  strongly 
impregnated  with  salt.     It  may  be  that  where  beds  of  pure  salt  are 

^  Brit.  Assoc.  Report,  1906,  p.  575. 
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found  they  have  been  covered  by  drifting  sand  after  complete 
desiccation  of  the  pool,  and  when  the  salt  is  intimately  mixed  with 
the  rock  the  wind-borne  material  was  deposited  in  the  pool  while 
some  water  remained. 

Dr.  Cullis  has  recently  described  the  occurrence  of  dolomite  crystals 
in  the  Keuper  Marls  of  the  West  of  England.  So  far  they  have  not 
been  found  in  our  locality,  although  carefully  looked  for.*  We 
cannot  say  at  present  how  these  crystals  have  been  formed,  but  their 
presence  in  recent  deserts  and  in  the  Triassic  rocks  is  of  interest. 

When  dealing  with  the  subterranean  water  supply  of  the  desert  it 
was  pointed  out  that  the  impermeable  bands  which  confine  the  water 
below  show  very  striking  differences  of  level.  If  these  bands  of  clay 
can  be  regarded  as  the  silt  covering  the  floors  of  fiUed-up  pools  our 
difficulties  are  most  satisfactorily  met.     (See  p.  512.) 

Thus  far  we  have  dealt  with  the  part  water  plays  in  the  economy 
of  the  desert.  The  waste  of  sand  stretching  as  far  as  the  eye  can 
reach  gives  little  sign  of  the  activities  below  the  surface,  and  it  is 
chiefly  there  that  water  has  its  work  to  do. 

Surface  Depotits, — ^We  turn  now  to  discuss  the  surface  deposits 
themselves.  It  must  not  be  supposed  that  even  in  the  so-called  sandy 
deserts  the  surface  is  uniformly  covered  with  loose  fragmentary 
materials.  In  the  Algerian  Sahara  probably  less  than  one-third  is 
covered  with  sand.  Solid  rock  forms  the  floor  of  vast  barren  plains, 
or  stands  as  islands  or  cliffs  washed  by  great  seas  of  sand.  However, 
it  is  mainly  with  the  sand  (and  in  this  term  we  may  for  convenience 
include  pebbles)  that  we  have  to  deal. 

Origin  of  the  Sand. — The  sands  of  the  deserts  were  naturally  at  first 
attributed  to  marine  action,  and  the  presence  of  salt  deposits  no  doubt 
gave  verisimilitude  to  the  idea  that  they  represented  dried-up  sea- 
bottoms.  Zittel,  Tissandier,  and  others  have  shown  that  the  frag- 
mental  material  is  of  subaerial  origin,  and  has  been  derived  by  the 
action  of  the  ordinary  disintegrating  forces  at  work  on  the  land. 

In  a  climate  such  as  ours  it  is  hard  to  appreciate  the  importance 
of  one  of  the  most  active  disintegrating  agents  in  the  desert.  One 
needs  to  stand  under  the  tropical  sun  and  in  the  presence  of  the  riven 
rocks  to  fully  appreciate  what  sun-flaking  means.  Unprotected  by 
vegetation  or  covering  soils  the  bare  rocks  become  intensely  heated 
during  the  day ;  when  the  sun's  heat  is  withdrawn  they  rapidly  chill 
by  radiation,  and  thus  by  alternate  expansion  and  contraction  even 
the  most  compact  and  resistant  rocks  yield.  A  characteristic  form 
assumed  by  sun-flaked  rocks  is  the  spheroid,  and  one  is  reminded  of 
the  spheroidal  weathering  often  seen  in  basalt.  In  a  cuboidal  mass 
of  granite  the  solid  angles  are  the  first  to  split,  and  then  the  edges  go, 
and  so  flake  after  flake  is  removed  until  the  block  resembles  a  well- 
worn  boulder.  The  flakes  are  usually  from  half  an  inch  to  a  little 
more  than  an  inch  in  thickness,  but  their  horizontal  extent  may  be 
many  yards.  After  flaking,  the  smooth  curved  surfaces  give  one  the 
impression   of  roches  moiUonnies   when   viewed  at  a    distance,    and 

^  It  might  be  Doted  that  dolomite  occurs  in  plenty  in  the  sands  dredged  from  the 
Mersey  bar. 
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individual  spheroids  resting  on  these  surfaces  resemhle  perched  blocks* 
At  the  foot  of  a  cliff  screes  of  angular  flakes  tend  to  accumulate. 
These  still  further  break  up  under  similar  influences  and  finally  form 
sand.  They  may  accumulate  until  the  rock  is  buried  under  its  own 
fragments,  or  in  the  rainy  season  the  loose  material  may  be  carried 
away  to  form  sandy  deltas,  and  the  surface  of  the  solid  rock  may  be 
kept  open  for  further  flaking.  Sands  resulting  from  the  disintegration 
of  granite  and  other  rocks  in  the  desert  are  in  striking  contrast  to 
those  formed  in  our  own  country  in  so  much  as  chemical  action  takea 
no  part  in  the  breaking  down  of  the  rock.  The  fragments  are 
chemically  unaltered,  and  the  flaked  surfaces  consist  of  perfectly  fresh 
minerals.  Of  course,  in  the  neighbourhood  of  mountains  sufficiently 
high  and  conveniently  situated  to  intercept  moisture-laden  winds, 
both  chemical  and  mechanical  disintegration  may  take  place  and 
streams  may  flow  into  the  lowlands,  mingling  water-borne  material 
with  that  of  desert  origin. 

It  is  difficult  to  apply  the  tests  of  sun-flaking  and  the  characteristics 
of  desert  sand  to  our  Triassic  deposits,  as  so  few  places  exist  where 
they  are  seen  to  lie  on  the  rocks  which  gave  them  their  origin* 
However,  in  the  neighbourhood  of  Leicester,  in  Chamwood  Forest,  on 
Mount  Sorrel  at  Croft,  and  at  other  places  where  the  Keuper  rests  on. 
the  igneous  rocks  we  get  the  very  best  conditions  for  making  the 
comparison.  Professor  W.  W.  Watts  has  shown  that  in  this  district 
the  Keuper  fills  up  hollows  in  the  older  rocks,  and  denudation  is 
now  uncovering  the  old  pre-Triassic  landscape.  The  older  rocks, 
particularly  at  Mount  Sorrel,  present  curved  flaked  surfaces  exactly 
like  those  described  from  the  desert.  Loose  blocks  are  flaked  into- 
spheroids  and  lie  tumbled  in  the  Keuper  Marls,  which  must  have  been 
accumulating  at  the  time  the  blocks  fell  from  the  cliffs  above.  Screes 
of  angular  flakes  rest  against  the  ancient  slopes,  and  the  sand  i» 
composed  almost  exclusively  of  material  from  the  adjacent  rocks. 
Moreover,  the  surfaces  of  the  rock,  the  scree  material,  and  the  sand 
are  all  chemically  fresh. 

The  absence  of  decomposition  products  is  well  seen,  too,  in  the 
Keuper  sandstones  of  our  own  neighbourhood  in  places  where  infil- 
tration has  not  taken  place.  When  a  clay  band  occurs  in  a  rock  face, 
the  felspara  in  the  top  portion  are  usually  kaolinised  by  the  percolation 
of  surface  waters,  but  below  the  impervious  layer  they  are  remarkably 
fresh.  This  conclusively  demonstrates  that  when  they  were  laid  down 
they  were  not  subject  to  chemical  changes. 

Work  of  the  Wind. — During  the  diy  season  the  wind  does  its  own 
work  in  carrying,  sifting,  rounding,  and  etching. 

(1)  Carrying, — In  open  ground  driven  sand  tends  to  accumulate  in 
ridge-shaped  masses,  the  long  crests  lying  transversely  to  the  wind. 
When  a  dune  of  this  kind  has  been  originated  the  wind  blows  grams 
up  the  exposed  slope  and  over  the  summit,  where  they  drop  on  the 
leeside.  The  slope  to  windward  is  gentle,  and  on  the  leeside  steeper 
and  slightly  concave.  The  concavity  is  due  to  a  backward  eddy 
which  sets  in  as  the  wind  passes  over  the  crest,  and  can  easily  be 
demonstrated  in  our  local  sand-hills  by  putting  a  piece  of  paper  or  any 
light  object  against  the  leeward  slope  when  a  stiff  wind  is  blowing. 
The  paper  wiU  be  seen  to  move  up  the  slope  against  the  wind. 
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In  our  neighbourhood  the  dunes  seldom  exceed  50  feet  in  height, 
but  in  the  desert  they  have  been  measured  up  to  350  feet.  A  favourite 
simile  with  travellers  is  to  compare  dunes  with  the  waves  of  the  sea, 
with  crest  and  trough  following  each  other  parallel  in  sequence  or 
arranged  in  a  network  pattern. 

One  fundamental  difference  must  be  kept  in  mind ;  in  the  sea  the 
wave  motion  progresses  while  the  material  is  stationary.  In  the 
desert  the  sand  travels  with  the  wave  movement.  The  Arabs  say 
that  the  dunes  '  walk.'  It  follows,  then,  that  if  the  material  goes 
forward  the  country  to  windward  will  be  left  bare  unless  hesk 
material  is  forthcoming  from  that  quarter.  Deposits  accumulated 
by  wind  action  show  very  characteristic  false  bedding.  The  nature  of 
this  depends  on  the  steepness  of  the  slope  over  which  the  sand  tumbles 
and  the  varying  directions  of  the  wind.  When  the  slope  to  leeward 
is  very  steep  the  weight  of  the  sand  at  the  top  may  cause  the  sand  to 
slide  down  into  the  hollow,  thus  puckering  and  folding  the  layers 
beneath. 

The  distance  to  which  sand  may  be  carried  by  wind  is  very  great 
Dust-storms  are  sometimes  met  with  in  the  Mid-Atlantie  wluch  can 
only  have  come  from  the  western  Sahara.  At  Las  Palmaa  a  ridge  of 
sand  dunes  exists  on  the  low  isthmus  connecting  the  Port  with  Isleta. 
The  rocks  of  the  island  could  not  yield  such  a  deposit,  and  captains  of 
ships  attribute  the  sand  to  winds  blowing  from  the  African  continent. 
The  finest  sand  dust  may  be  carried  in  the  air  for  hundreds  of  miles, 
and  when  the  winds  are  constant  the  result  will  be  the  building  up  of 
thick  masses  of  stratified  material.  Such  is  the  origin  attributed  to 
the  Loess  of  China,  which  attains  more  than  a  thousand  feet  in 
thickness,  and  Richthofen  supposes  it  to  have  come  from  the  desert 
areas  of  Asia.  Professor  N.  S.  Shaler*  assigns  a  similar  origin  to  the 
accumulation  of  fine-grained  detritus  in  the  Western  Mississippi  Valley, 
and  he  states  that  it  has  been  derived  from  the  Cordilleras. 

(2)  Sifting. — The  sifting  action  of  wind  may  be  observed  in  a  dusty 
road  or  in  our  local  sand-hills.  In  deserts,  however,  where  the  winds 
blow  more  consistently  from  one  quarter,  the  action  is  more  perfect. 

In  a  series  of  samples  taken  in  the  Sahara  from  the  same  locality  in 
vertical  sequence  by  the  late  Dr.  Isaac  Roberts  the  grains  differ  in 
size  at  each  horizon,  but  for  the  same  depth  the  sifting  is  so  perfect 
that  it  looks  as  if  each  sample  had  been  put  through  a  sieve.  Many 
other  observers  have  commented  on  the  sifting  action  of  wind,  and  it 
is  only  reasonable  to  suppose  that  the  size  of  a  grain  carried  along  will 
vary  with  the  velocity  of  the  current  which  moves  it.  Sven  Hedin 
graphically  describes  a  sand-storm  he  encountered  in  Central  Asia. 
Near  the  ground  the  wind  velocity  was  40^  miles  an  hour.  Six  feet 
from  the  ground  it  measured  58^  miles  an  hour.  Branches,  tufts  of 
grass,  and  grains  as  big  as  peas  whirled  in  the  air  and  struck  his  face 
with  stinging  force.  A  strong  wind  such  as  that  described  will  move 
large  and  small  particles  alike,  but  as  it  loses  velocity  the  particles 
will  drop  to  the  ground  as  the  carrying  power  of  the  wind  diminishes. 
Thus  the  sands  raised  by  one  storm   will  be   graded  horizontally, 
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gradually  getting  smaller  to  leeward.  The  same  sands  may  be  worked 
up  again  and  again  by  currents  of  differing  TelocitieSi  and  hence  we 
should  not  expect  to  find  the  layers  of  even-sized  grains  to  persist 
over  very  great  distances.  Again,  the  grains  are  not  all  composed  of 
materials  having  the  same  relative  density.  Although  quartz  pre- 
dominates, we  find  mica,  felspar,  magnetite,  zircon,  and  other 
minerals,  and  each  will  be  affected  according  to  its  linear  dimension^ 
and  specific  gravity. 

If  we  consider  two  particles  of  different  sizes  and  having  the  same 
terminal  velocities  when  falling  under  gravity  we  find  the  resistance 
varies  as  the  square  of  the  linear  dimensions,  and  the  weight  jointly  as 
the  cube  of  the  linear  dimensions  and  the  specific  gravity.  This  is 
only  a  very  simple  and  incomplete  way  of  stating  a  very  complicated 
problem,  but  it  is  possible  to  find  in  terms  of  their  relative  densities 
and  dimensions  the  sizes  of  the  different  kinds  of  grains  which  will 
come  to  rest  together. 

We  have  already  seen  that  where  temporary  streams  flow  down 
from  high  grounds  fans  of  gravel  are  produced  where  they  debouch 
into  the  plain,  and  along  the  beds  of  watercourses  there  exist  layers  of 
gravel,  composed  of  water- worn  stones.  The  distance  these  stones 
have  travelled  from  their  place  of  origin  depends  on  the  character  and 
volume  of  the  stream  which  brought  them.  It  may  be  reckoned  in 
miles  or  scores  of  miles.  We  pictured  above  (p.  511)  the  character  of 
the  deposits  formed  by  the  successive  excavation  and  filling  up  of 
river  valleys,  and  gave  instances  where  sands  with  bands  of  pebbles 
intercalated  at  various  horizons  had  resulted  from  this  action.  What 
is  the  effect  of  winds  blowing  over  a  deposit  of  this  nature  ?  The 
sands  are  carried  by  the  air  currents  and  form  dunes,  but  the  larger 
stones  are  too  heavy  to  be  moved  and  form  a  loose  pavement  on  the 
desert  floor. 

According  to  Mr.  H.  T.  Ferrar,  of  the  Geological  Survey  of  Egypt, 
these  pebble  layers  may  be  so  thin  that  the  tread  of  a  camel  may 
break  through  and  send  up  puffs  of  the  sand  from  below  at  every 
step.  At  other  times  they  are  more  than  100  feet  thick.  These  may 
result  either  from  excessive  rainfall  and  strong  currents  of  water  or 
from  the  successive  accumulation  of  materials  brought  down  by 
streams  through  many  wet  seasons,  and  the  removal  of  the  finer 
material  during  many  dry  seasons.  In  any  case,  we  have  in  deserts 
great  spreads  of  gravel  brought  down  by  rivers  and  reasserted  by 
wind  action. 

(3)  Rounding  and  Etching. — Sands  caught  up  by  the  wind  and 
hurled  against  each  other  have  a  greater  velocity  and  hence  a 
greater  impact  than  those  carried  along  by  moving  water.  In  river 
and  sea  sands  rounding  does  take  place,  but  it  does  not  approach 
the  perfection  seen  in  sands  which  have  been  subject  to  pro- 
longed movement  in  air.  The  constant  battering  of  grains  against 
each  other  not  only  results  in  rounding,  but  in  the  production  of 
excessively  fine  splinters  of  sand.  It  is  this  sand  dust  which  is 
carried  to  great  distances  by  winds  and  tends  to  accumulate  on  the 
lee  sides  of  desert  regions.  Particles  too  heavy  to  be  lifted  bodily  in 
the  air  are  rolled  along  the  ground.     If  it  happens  that  the  length  of 
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a  grain  is  great  as  compared  with  the  width  the  rolling  may  be 
confined  to  one  axis  of  revolution  and  a  cylindrical  form  resolts. 
Cylindiical  grains  of  this  nature  are  not  uncommon  in  desert  sands, 
and  they  are  found  in  the  dunes  round  our  coasts.  The  sands  rolling 
up  a  slope  often  form  the  most  exquisite  ripples,  giving  the  appearance 
of  tiny  dunes  riding  on  the  larger  ones.  Perfect  spheres  do  not,  as 
a  rule,  result  from  the  attrition  of  very  small  grains,  and  we  seldom 
find  *  Millet  seed'  sands  with  a  diameter  of  less  than  '5mm.  Not 
only  does  abrasion  take  place  by  the  striking  of  one  grain  against 
another,  but  the  battering  of  grains  against  the  solid  rocks  or  against 
loose  stones  lying  on  the  surface  of  the  desert  results  in  some 
characteristic  effects.  The  effects  produced  on  the  rocks  will  vary 
not  only  with  their  hardness  and  texture,  but  also  with  the  angle  at 
which  the  impact  takes  place. 

A  glass  tumbler  dropped  by  a  tourist  in  the  desert  was  found  after 
a  time  to  be  frosted  and  opaque  on  those  parts  exposed  above  the 
sand.  It  exactly  resembled  the  sand-blast  labels  on  our  reagent 
bottles  and  the  designs  frosted  on  glass  intended  for  ornamental 
purposes. 

Blocks  of  obsidian  found  in  the  deserts  of  Iceland  likewise 
become  frosted  on  their  exposed  surfaces.  Granite  on  the  other 
hand  takes  a  beautiful  polish.  If  the  rocks  contain  minerals  of 
varying  hardness  the  softer  constituents  tend  to  form  hollows,  while 
the  haixier  materials  stand  out  and  are  sometimes  completely  dis- 
engaged from  the  mass.  In  this  way  the  fossils  in  the  nmnmulitic 
limestone  of  which  the  Great  Pyramid  is  built  stand  out  from  the 
surface,  and  large  numbers  of  loose  nuramulites  can  be  found  in  the 
sands  surrounding  the  base  of  the  pynimid.  So  perfectly  and  so 
intimately  does  the  sand  pick  out  the  parts  of  superior  hardness,  or 
of  looser  texture,  that  pieces  of  silicified  wood  can  be  found  in  the 
neighbourhood  of  Cairo  with  the  vascular  fibres  standing  out  from  the 
less  compact  parenchymatous  tissue. 

Mr.  \V.  I).  Brown  ^  recently  described  before  the  Liverpool 
Geological  Society  some  most  interesting  experiments  which  he 
performed  with  artificial  sand  blast  on  various  rocks.  He  showed 
that  a  blast  with  a  pressure  of  45  pounds  to  the  square  inch,  acting 
perpendicularly  on  sandstone,  drilled  a  cylindrical  hole  and  removed 
435  grains  in  5  minutes,  whereas  the  same  blast  acting  on  the  same 
piece  of  rock  at  an  angle  of  45  degrees  produced  an  even  plane  surface 
and  only  removed  400  grains  in  10  minutes.  A  piece  of  granite  with 
an  oblique  blast  lost  200  grains  in  5  minutes,  while  limestone  lost 
323  grains  in  the  same  time  and  under  similar  conditions.  All  the 
stones  subjected  to  the  experiments  possessed  rounded  surfaces  before 
being  acted  upon,  but  the  sandstone  and  limestone  were  reduced  to 
plane  surfaces  while  the  granite  showed  differential  action,  the  quartz 
standing  out  from  the  softer  constituents. 

The  production  of  a  plane  surface  by  oblique  sandblasting  may  be 
compared  with  the  action  of  a  file  drawn  over  a  curved  surface. 
Being  rigid,  the  file  moves  in  a  straight  line,  it  does  not  accommodate 
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itself  to  the  outlines  of  the  substance,  but  produces  a  sharp  cat  edge 
where  it  leaves  the  object.  Similarly,  sand  moving  with  great  velocity 
keeps  its  initial  path,  while  similar  particles  moved  slowly  by  a  current 
of  water  over  a  curved  surface  would  roll  over  the  leeward  slopes  and 
abrade  during  their  descent.  It  must  not  be  concluded  that  a  plane 
surface  can  only  be  produced  by  the  action  of  wind-driven  sand.  In 
S¥ritzerland  1  have  seen  plane  surfaces  and  sharp  cut  edges,  produced 
in  the  beds  of  torrents  carrying  sand  in  suspension,  quite  indis- 
tinguishable from  those  produced  by  wind  action.  The  plune  surface 
then  is  largely  a  result  of  high  velocity,  and  while  this  is  of  rare 
occurrence  in  currents  of  water  it  is  common  in  currents  of  air. 

When  driven  sand  strikes  a  stone  in  the  open  desert  it  is  deflected 
upwards  and  round  the  sides  so  that  plane  surfaces  are  formed  on 
three  planes.  This  is  the  typical  form  to  which  the  name  *  dreikanter ' 
has  been  applied,  and  the  finding  of  these  in  any  deposit  is  regarded 
as  one  of  the  surest  indications  of  wind  action. 

Sand  blowing  over  a  flat  surface  of  rock  tends  to  widen  joints  and 
open  them  out  into  a  funnel  shape,  with  the  wide  end  facing  the 
direction  of  the  wind.  The  sides  of  the  opened  joints,  too,  are  almost 
invariably  undercut. 

It  has  been  shown  by  Professor  Watts,  Mr.  Walcot  Gibson,  and 
others  that  the  surface  of  the  country  had  been  carved  by  denuding 
forces  into  valleys  and  hills  before  the  Trias  was  deposited.  The 
newer  rocks,  by  filling  in  the  low  grounds,  smoothed  down  the  land- 
scapes, and  in  some  places  hills  were  completely  covered.  In  no  part 
of  Britain  do  Triassic  rocks  attain  a  greater  altitude  than  800  to  900 
feet  above  sea-level  at  the  present  day,  and  we  have  no  proof  that  they 
ever  extend  much  above  this  level.  They  are  essentially  deposits  of 
the  lowlands.  Their  distribution  has  been  admirably  summarised  by 
Professor  Bonney,*  and  I  can  add  nothing  to  his  lucid  description  at 
their  occurrence.  He  shows  that  there  exist  two  foci  of  coarse  frag- 
mental  rocks,  one  in  the  western  and  northern  Midlands  and  the  other 
in  Devonshire.  No  one  now  doubts  that  Professor  Bonney  is  right  in 
claiming  these  coarse  deposits  as  of  fluviatile  origin.  At  the  places 
mentioned,  rivers  reached  the  plains  (whence  they  came  does  not 
matter  at  present)  bringing  down  pebbles,  well  worn  in  transit,  and 
no  doubt  a  large  amount  of  finer  material  as  well. 

Taken  as  a  whole  the  deposits  get  finer  as  we  go  away  from  the 
foci,  and  on  the  extreme  borders  of  the  areas  covered  by  Trias  they 
consist  of  exceedingly  minute  fragments.  At  a  subsequent  stage  in 
the  history  of  the  Trias,  pebbles  occur  again,  indicating  a  return  to  the 
conditions  under  which  the  lower  beds  containing  pebbles  were  formed. 

Assuming  that  desert  conditions  prevailed  during  Triassic  time — 
interrupted,  perhaps,  by  pluvial  periods,  when  rapid  streams  brought 
down  the  pebbly  constituents — let  us  see  how  far  they  show  evidence 
of  the  action  of  wind.  Except  in  the  finer  deposits  such  as  the  Keuper 
Marl  true  bedding  is  almost  entirely  absent.  Current  bedding  there  is 
in  plenty,  and  frequently  very  steep— too  steep,  indeed,  for  the  angle 
of  rest  of  sand  laid  down  in  water.     In  extreme  cases  of  steep  false 

>  ''  On  the  Origin  of  the  Trias  " :  Proc  Torks.  GeoL  Soc,  vol.  xvi  (1906),  p.  1. 

DBCAOB  V. — VOL.  IV. — NO.  XH.  36 


562     Notices  of  Memoirs — Desert  Conditions  in  the  Trias. 

bedding  the  sands  are  often  contorted  at  the  bottom  of  the  basin  as 
though  the  weight  of  the  sands  above  had  caused  a  slide  such  as  we 
have  described  as  taking  place  in  sand-hills. 

It  is  difficult  to  describe  the  structure  of  the  sandstones ;  there  are 
no  geological  terms  exactly  suitable.  They  have  the  appearance  of 
a  tumbled  series  of  eroded  lenticles.  Anyone  who  has  had  the 
misfortune  to  map  them  knows  how  the  beds  thicken  and  thin  out 
promiscuously,  and  how  difficult  it  is  to  find  a  datum-lino  which  will 
be  of  service  in  correlation.  Even  our  late  member  and  founder, 
Mr.  Morton,  whose  knowledge  of  our  local  rocks  was  so  intimate  and 
extensive,  would  never  give  an  opinion  as  to  the  horizon  of  a  piece  of 
Trias  sandstone  from  a  hand  specimen.  The  only  approaches  to 
satisfactory  datum  -  lines  we  possess  are  the  two  horizons  where 
pebbles  occur,  and  even  these  are  only  of  service  locally,  as  they  are 
limited  in  extent.  In  sections  cut  through  dunes  in  the  desert 
between  Ismailia  and  Kasassin  I  have  seen  beds  very  much 
resembling  those  I  have  attempted  to  describe  above. 

The  marginal  beds  of  the  Trias  area  are  almost  without  exception 
the  Eeuper  Marls.  They  are  found  also  covering  the  sandstones  in 
the  middle  of  the  area,  and  sometimes  they  are  intercidated  with  beds 
of  sandstone.  They  are  not  strictly  marls,  but  are  composed  almost 
exclusively  of  exceedingly  fine  and  angular  quartz  dust.  It  has  been 
suggested  that  they  have  been  laid  down  in  a  lake,  or  a  series  of  lakes, 
and  the  even  bedding  which  they  show  is  given  as  a  proof.  But 
bedding  even  more  perfect  may  be  seen  in  volcanic  dust  deposited  on 
the  land,  and,  further,  Mr.  T.  0.  Bosworth  has  shown  that  when  the 
Keuper  Marl  rests  against  a  sloping  cliff  the  bedding  slopes  with  the 
surface  of  the  ground.  This  is  quite  unlike  the  conditions  we  should 
expect  to  find  if  it  had  been  of  subaqueous  origin.  Lakes  of  the 
desert  type  are  found  as  local  phenomena  in  the  Keuper  Marls,  and 
have  been  referred  to  in  a  previous  part  of  this  paper.  The  marls 
may  represent  the  smallest  tailings  of  wind-carried  material. 

The  sifting  action  of  wind  is  everywhere  evident  in  the  Trias. 
Besides  the  horizontal  grading  already  mentioned  which  characterizes 
the  deposits  broadly  as  a  whole,  we  find  that  locally  the  same  sifting 
influences  have  been  at  work.  Sands  of  exactly  the  same  dimensions 
occur  as  lenticular  patches,  a  few  feet  or  several  yards  in  length. 
These  are  associated  with  other  lenticles  of  larger  or  smaller  grain, 
but  in  the  same  patch  there  is  no  admixture  of  large  and  small  sizes. 
In  our  neighbourhood  they  are  best  seen  at  the  top  of  the  Bunter, 
immediately  underlying  the  Keuper  basement  bed.  The  perfection  of 
sifting  into  sizes  shown  at  Bidston  and  at  Scarth  Hill  is  marvellous, 
but  in  other  places  and  at  other  horizons  the  some  features  may  be 
observed. 

The  concentration  of  pebbles  from  river  deposits  is  also  paralleled  in 
the  Trias.  The  pebble  beds  of  the  Midlands,  although  originally  of 
fluviatile  origin,  do  not  exhibit  the  characteristics  of  river  action. 
The  individual  pebbles  show  no  orientation  in  the  arrangement  of 
their  longer  axes,  but  are  wedged  together  in  a  tumbled  mass  as  if 
they  had  dropped  into  their  present  situations  by  the  removal  of 
material  about  them.     The  insecurity  of  their  positions  is  evidenced 
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by  the  pitting  which  has  resulted  from  their  successive  readjustments. 
The  interspaces  between  the  pebbles  are  almost  free  from  sand,  but 
lenticular  seams  of  sand  occur,  which  may  have  been  protected  from 
removal  by  wind,  when  the  pebbles  formed  a  continuous  covering. 
There  are  places  in  our  own  district  where  it  does  not  appear  that 
concentration  took  place,  and  the  sand  with  pebbles  marking  the 
situations  of  temporary  streams  still  persist  as  originally  laid  down. 

The  occurrence  of  millet-seed  sands  in  the  Trias  is  too  well  known 
to  need  further  comment,  and  they  have  always  been  attributed  to 
wind  action.  Professor  Watts,  ^  too,  has  shown  that  the  surfaces  of 
the  Mount  Sorrel  granite,  when  freshly  uncovered  from  the  mantle  of 
Trias,  show  very  characteristic  wind  etching,  and  at  Croft  the  under- 
lying igneous  rocks  have  their  joints  widened  and  their  vertical 
faces  undercut  in  a  way  that  could  only  be  produced  by  wind, 
'Dreikanter'  occur  sparingly  in  the  pebble  deposits.  They  are  not 
common  even  in  recent  deserts,  for  only  the  surface  pebbles  can  come 
under  the  influence  of  the  wind. 

This  paper  is  not  intended  as  a  description  of  the  Triassic  rocks 
themselves,  but  to  institute  a  comparison  between  the  features  and 
activities  of  existing  deserts  and  the  Trias  rocks  of  our  own  country. 
The  question  has  been  discussed  entirely  from  the  physical  standpoint. 
The  palsBontological  aspect  still  remains  to  be  considered.  The  animal 
and  plant  associations,  and  their  adaptations  to  the  peculiar  circum- 
stances under  which  they  live  in  the  desert,  should  find  their 
counterparts  in  the  Trias,  if  arid  conditions  existed  during  their 
formation. 


RE3  ^^  I  EJ'WS. 

I. — ^Roox  MiNBBALS.     By  Professor  Joseph  P.  Iddiwqs.     (New  York : 

Wiley  &  Sons,  1906.) 

DTJRDTG  the  last  ten  years  so  many  advances  have  been  made  in 
the  microscopic  study  of  minerals,  and  so  many  new  species  have 
been  recognised  among  the  minerals  of  rocks,  that  the  need  for  a  new 
textbook  of  the  subject  in  the  English  language  has  been  much  felt. 
Professor  Iddings'  book  is  in  some  ways  not  unlike  the  well-known 
Bosenbusch  Iddings',  which  has  served  the  needs  of  several  genera- 
tions of  students.  It  is  really,  however,  a  new  work,  as  a  very 
excellent  introductory  or  general  part  has  been  provided  in  which  the 
chemical,  physical,  and  optical  properties  of  minerals  are  described, 
while  the  second  or  descriptive  part  is  entirely  remodelled  and  brought 
up  to  date.  It  is  not  difficult  to  trace  the  influence  of  certain  standard 
authors  in  the  treatment  of  some  parts  of  the  subject;  more  especially 
that  of  Professor  Groth  in  the  chapters  on  optical  properties,  and  of 
Professor  Bosenbusch  in  the  special  descriptions  of  the  minerals.  But 
the  book  has  a  marked  individuality  owing  to  the  bright  and  interesting 
manner  in  which  the  author  has  handled  his  materials.     It  is  brief, 
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bat  no  doubt  contains  enough  for  the  student's  requirements.  To  say 
that  it  is  the  best  work  in  the  English  language  on  this  subject  is 
unnecessary ;  it  compares  very  favourably  with  any  of  the  French  or 
German  manuals  in  current  use.  It  will  not  obviate  the  use  of  the 
larger  treatises,  such  as  Rosenbusch-Wiilfing,  but  will  serve  as  an 
admirable  introduction  to  them,  and  should  find  a  place  among  the 
working  manuals  of  every  student  of  petrology. 

Very  few  inaccuracies  have  come  to  our  notice  in  reading  the  book. 
We  may  point  out,  however,  that  the  Canada  balsam  on  which  rock 
slides  are  mounted  has  by  no  means  a  constant  refractive  index  of 
1*539 ;  it  varies  somewhat,  and  is  often  1*542  to  1*544,  and  this  is  of 
some  importance  in  determining  felspars,  nepheline,  etc.  The  student 
should  be  warned  to  test  it  for  himself  in  slides  containing  quartz. 
The  use  of  the  selenite  plate  in  determining  the  sign  of  axes  and 
bisectrices  of  biaxial  crystals  should  be  given;  it  is  much  to  be 
preferred  to  a  mica  plate,  and  is  one  of  the  most  useful  accessories 
to  a  petrological  microscope.  Some  description  of  the  metiiod  of 
measuring  optic  axial  angles  should  certainly  be  provided ;  nowadays 
by  means  of  a  Schwartzmann*s  scale  this  is  a  very  simple  operation. 
Professor  Iddings  makes  the  very  useful  suggestion  that  the  capital 
letters  X>  Y*  and  Z  should  be  used  to  designate  the  three  principal 
axes  of  the  tnaxial  ellipsoid.  We  hope  it  will  be  generally  adopted, 
as  it  will  save  a  great  deal  of  trouble  in  correcting  printers'  proofr. 

In  the  tables  at  the  end  of  the  book  the  minerals  are  classed  as 
isotropic,  uniaxial,  and  biaxial,  and  given  in  groups  arranged  according 
to  their  refractive  indices,  a  method  which  has  many  advantages  to 
recommend  it.  The  excellent  coloured  plate  of  interference  colours, 
originally  prepared  by  Levy  and  Lacroix,  is  reproduced  and  will  be 
greatly  appreciated  both  by  teachers  and  students. 


II. — Rocks  of  the  Cape  Colville  Peninsula,  New  Zealaitd.  By 
Professor  Sollas,  with  introduction  and  descriptive  notes  by 
Alexander  McKay,  F.G.S. 

THE  Cape  Colville  Peninsula  is  part  of  the  well-known  Hauraki 
mining  district,  the  source  of  large  quantities  of  gold  within  the 
last  forty  years.  It  contains  a  great  variety  of  igneous  rocks,  many 
of  which  are  in  advanced  stages  of  decomposition  and  solfataric 
alteration.  Many  names  had  been  applied  to  them  by  the  miners, 
and  it  seemed  necessary  to  get  an  authoritative  classification ;  for  that 
purpose  about  four  hundred  specimens  were  sent  to  Professor  Sollas, 
who  has  written  brief  descriptions  of  them.  A  general  account  of  th& 
region  is  provided  by  Mr.  McKay,  who  has  apparently  acted  as  editor 
of  the  volume.  It  is  the  first  efPort  to  treat  of  the  petrography  of 
this  area  as  a  whole.  The  book  is  illustrated  by  a  large  number  of 
whole-page  photomicrographs,  which,  while  they  are  not  all  of  equal 
excellence,  often  give  a  very  clear  idea  of  the  structure  of  the  rocks, 
which  are  under  description. 

Volcanic  action  has  gone  on  in  this  district  in  Palssozoio  (Devonian 
and  Carboniferous)  and  in  Tertiary  times.  The  igneous  rocks  are 
principally  andesites  of  various  types,  dacites,  rhyolites,  and  obsidians^ 
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but  no  well- characterised  tracli3rte8  or  basalts  are  present,  thoagh 
olivine  occurs  in  some  of  the  Tertiary  andesites.  Many  of  the 
andesites  have  a  groundmass  which  appears  to  be  pilotaxitic,  but 
Professor  Sollas  has  found  that  there  is  always  in  these  rocks 
a  matrix  of  quartz ;  the  structure  is  really  micropoikilitic.  His 
observations   on   the  isotropic   material   which  replaces  the  felspar 

§henocrysts  in  certain  modes  of  decomposition  are  very  interesting, 
'hey  had  previously  been  described  as  fused  or  vitrified  felspars. 
Many  of  the  rocks  are  filled  with  secondary  quartz  or  opal,  sericite^ 
and  chlorite;  in  others  there  is  much  tridymite.  Some  of  the 
andesites  show  fluxion  brecciation  ;  that  which  has  been  described  as 
Wilsonite  is  probably  of  this  nature,  and  in  another  case  we  have 
a  hornblende  hypersthene  andesite  in  which  the  phenocrysts  have 
been  broken  up  and  seem  mylonised  before  the  matnx  had  completely 
solidified.  Another  very  interesting  group  of  rocks  is  the  spherulitic 
rhyolites  of  this  region;  some  of  them  are  well  known  to  contain 
large  spherulites  with  branching  or  'cervicorn*  processes,  and  excellent 
figures  of  these  wonderful  structures  are  given  in  these  two  volumes. 


III. — Geologt  of  the  Fedebated  Malay  States. 
Geologist's  Kepokt  of  Progress.  September,  1903 -January,  1907, 
With  rough  sketch-map  (topographical).  By  J.  B.  Scrivenob, 
Geologist  F.M.S.,  formerly  of  H.M.  Geological  Survey  of  Great 
Britain.  8vo;  pp.  vi,  44.  Printed  at  the  F.M.S.  Government 
Press,  Kuala  Lumpur.     1907.     Price  one  dollar. 

fllHE  Government  of  the  Federated  Malay  States  are  to  be  con- 
X  gratulated  on  having  requisitioned  the  services  of  so  capable 
and  energetic  an  officer  as  Mr.  J.  B.  Scrivener  to  unravel  the  many 
intricate  problems  connected  with  the  geological  structure  of  that 
country.  The  geologist's  work  in  these  regions  has  been  carried  out 
under  great  difficulties,  both  on  account  of  the  want  of  good,  service- 
able topographical  maps  and  because  of  the  dense  jungle  which  covers 
the  country  at  high  altitudes ;  nevertheless,  the  author  gives  us  an 
excellent  account  of  his  three  years'  explorations.  Some  of  the  items 
of  information  have  already  appeared  in  **The  Progress  Report"  for 
1904,  a  notice  of  which  has  been  published  in  the  Geological 
Magazine  for  1906,  pp.  40,  41,  in  association  with  another  of  the 
author's  reports,  **  On  the  Geology  of  the  Residency  of  Sarawak,"  etc. 
The  present  Report  is  divided  into  two  sections,  viz.  *  Structural ' 
and  •  Economical.'  Under  the  former  is  described  *  the  Chert  Series,' 
*the  Raub  Series,'  and  *  the  Tembeling  Series.'  The  first  of  these, 
occurring  at  Tras,  Raub,  Lubok  Plang,  etc.,  contains  Radiolaria,  and 
may  be  analogous  to  the  Culm  of  Devonshire  or  Sumatra ;  the  next 
has  yielded  Carboniferous  Cephalopods  at  Mill  Gully  and  Goa,  which 
have  been  determined  by  Mr.  G.  C.  Crick,  and  remnants  of  a  Permian 
fauna  at  Lubok  Sukum,  which  favours  correlation  with  the  Upper 
FroduetM'limestone  of  the  Salt  Range,  India ;  whilst  the  Tembeling 
Series  is  made  to  include  a  number  of  Triassic  shells  from  Kuala 
Lipis,  described  some  years  since  by  Mr.  R.  BuUen  Newton,^  and 

1  See  Gbol.  Mao.,  1901,''pp.  128,  189. 
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fragments  of  a  recently  discovered  fish  which,  according  to  Dr.  A.  S: 
Woodward,  resembles  Semionoius,  a  characteristic  genus  of  the  Trias 
formation.  In  the  same  series  the  author  also  places  those  interesting 
Phyllopod  remains  {Estheriella)  which  he  obtained  from  the  Semanggol 
Kange,  and  which  have  been  described  by  Professor  T.  Bupert  Jones,^ 
F.E.S.,  as  of  Trias  age.  Reference  is  also  made  to  the  author's 
discovery  of  fossils  at  Singapore,  which  were  described  by  Mr.  R.  B. 
Newton  and  regarded  by  him  as  belonging  to  probably  a  Middle 
Jurassic  horizon.'  These  particular  fossUs  were  found  in  an  estuarine 
deposit,  and  consisted  of  marine  mollusca  ( Goniomya,  etc.)  associated 
with  plant-remains  {Podo%ain%tea\  an  assemblage  of  forms  resembling 
a  facies  peculiar  to  the  Upper  Gondwana  Beds  of  India  and  other 
Eastern  countries.  Without  actually  placing  the  Singapore  deposits 
in  the  Tembeling  Series,  the  author  acknowledges  a  similarity  of 
structure  with  that  group  of  beds. 

The  author  then  considers  the  mutual  relations  of  the  '  Chert,' 
'  Raub,'  and  '  Tembeling  Series,'  the  chief  points  of  which  are  set  out 
in  a  table  giving  the  probable  equivalents  of  these  deposits  in  India 
and  various  parts  of  the  Malay  Archipelago.  So  important  is  this 
table  considered  as  a  first  attempt  to  correlate  the  formations  of  this 
area  that  we  have  ventured  to  reproduce  it  on  the  present  occasion 
(p.  566). 

The  *  Economic '  part  of  the  report  deals  chiefly  with  the  gold-mining 
industry  and  tin-mining.  Gold,  according  to  the  author,  ''is  not 
confined  to  any  one  rock  in  the  Federated  Malay  States ;  but  it  is 
ioteresting  to  note  that  the  greater  part  of  the  underground  operationa 
have  been  conducted  in  rocks  of  the  Raub  Series,  and  igneous  rocka 
associated  with  them."  Both  aUuvial  and  lode  gold  occur  in  the 
F.M.  States,  although  scarcely  worth  developing  under  present 
circumstances.  Should  the  jungle  be  cleared  it  is  possible  that  the 
gold  industry  might  be  more  successful.  A  great  amount  of 
information  is  given  on  the  tin-lodes,  including  their  occurrence, 
geological  features,  etc. 

Throughout  the  report  the  author  gives  numerous  references  to  the 
literature  consulted. 

R.  B.  N. 

lY. — A  Geological  Map  of  Armenia  and  its  Boeder-Ranges,  with 
Indications  of  Minerals  and  Minkral  Springs.  Drawn  and  hand- 
coloured  by  Felix  Oswald,  D.Sc,  F.G.S.  One  sheet  (36  x  25  ins.) ; 
scale,  16  miles  to  one  inch  (1  :  1,013.760).  With  Explanatory 
Notes,  16  pp.  London  (Nottingham  printed),  1907  :  Dulau  &  Co. 
Price  25*.  net. 

DR.  OSWALD'S  "Geology  of  Armenia,"  which  we  noticed  in 
these  columns  but  a  few  months  ago,  is  now  out  of  print  and 
unattainable.  This  is  the  map  to  accompany  the  volume,  and  the 
little  pamphlet  issued  with  it  gives  a  brief  sketch  of  the  matter 
contained  in  detail  in  the  larger  work.  The  map  contains  the  new 
and  important  surveys  made  by  the  author  between  Trebizond  and 

>  Geol.  Mao.,  1905,  pp.  49-62,  PI.  II. 

»  Geol.  Mag.,  1906,  pp.  487-496,  PI.  XXV. 
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Lake  Yan,  and  includes  the  observations  made  by  the  following: — 
Abich,  Ainsworth,  Batsevich,  Eournier,  Freeh,  Hamilton,  Koch,  Loftos, 
Moller,  Pohlig,  Radde,  Simonovich,  Tchihatcheff,  Tsulnkidse,  Wagner, 
and  the  140  other  persons  mentioned  by  the  author  in  his  bibliography. 
The  peaks  and  passes  are  indicated  in  the  ranges,  recent  and  extinct 
Yolcanoes,  craters,  mineral  springs,  whether  hot  or  cold)  and  the 
minerals.  The  map  is  crowded  with  names,  and  ranges  from  the 
Oaucasus  on  the  north  to  the  southern  borders  of  Lake  XJrmi  on  the 
south,  from  the  Euphrates  on  the  west  to  the  Caspian  on  the  east. 
The  coloration  is  well-done  in  transparent  waterproof  tints,  and  the 
production,  in  every  way  as  remarkable  as  was  ^e  author*  s  volume, 
will  be  of  great  value  to  geographers  as  well  as  to  geologists. 

C.  D.  8. 

V. — Geological  Suevet  op  England  and  Wales. 

The  Geoloot  of  the  Countbt  around  Hungerford  and  Newburt. 
By  H.  J.  OsBOHNE  White,  F.G.S.     pp.  150.     1907.     Price  2«.  6<?. 

fl  IHIS  memoir  is  an  explanation  of  Sheet  267  of  the  New  Series  of 
J.  the  Geological  Maps  on  the  scale  of  one  inch  to  the  mile.  The 
district  with  which  it  deals  is  situated  mainly  in  South- Western 
Berkshire,  but  includes  a  part  of  Wiltshire  and  a  very  little  bit  of 
Hampshire.    The  only  important  towns  are  Hungerford  and  Newbury. 

The  solid  geology  is  very  simple — Chalk  for  the  most  part  and 
days  and  sands  of  the  Eocene  to  a  small  extent — but  the  district  is 
agricultural,  and  to  the  farmer  the  Drift  is  often  of  as  much 
importance  as  the  solid  geology.  This  is  so  in  the  present  case,  for 
Drift  of  one  sort  or  another  covers  a  large  portion  of  the  surface,  as 
an  inspection  of  the  map  will  show.  The  account  of  the  Drift,  too, 
occupies  a  considerable  part  of  the  memoir. 

The  solid  geology  is  illustrated  by  an  excellent  horizontal  section 
engraved  upon  the  map.  It  illustrates  the  relative  position  of  the 
various  beds  down  to  and  including  the  Gault.  That  formation  does 
not,  however,  corae  to  the  surface  here,  nor  does  there  seem  to  be  any 
record  of  a  well  or  of  a  boring  which  has  passed  through  it  in  this 
district.  The  Upper  Greensand  is  consequently  the  oldest  formation 
dealt  with,  but  does  not  present  features  of  any  special  interest.  The 
Chalk  is  the  important  formation  of  the  district,  since  it  is  found 
either  at  the  surface  or  underlying  Drift  or  Eocene  beds  over  almost 
the  whole  area.  Mr.  Osborne  White  estimates  that  in  this  part  of  the 
country  the  thickness  of  the  Chalk  when  most  fully  developed  is  about 
700  feet.  This,  he  adds,  is  a  thickness  not  unusual  in  the  Southern 
Midlands,  but  much  less  than  that  attained  near  the  south  and  east 
coasts,  where  measurements  of  1,000  and  1,300  feet  have  been 
recorded. 

On  the  map  the  Chalk  is  divided  into  Upper  Chalk,  described  by 
Mr.  White  as  typically  soft  and  white  and  containing  many  flints,  with 
an  estimated  thickness  of  400  foet ;  Middle  Chalk,  white  to  greyish- 
white,  harder  and  less  flinty,  with  a  thickness  of  120  feet  at  one  place 
where  it  could  be  measured  ;  Lower  Chalk,  greyish  and  marly, 
without  flints,  120  to  150  feet  or  more.     It  is  interesting  to  compare 
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these  figures  with  the  record  of  the  boring  at  Wink  field,  near 
Windsor.  There  the  thickness  of  the  Chalk  formation  was  found  to 
he  725  feet,  divided  as  follows:  Upper  Chalk,  337  feet;  Middle 
Chalk,  169  feet;  and  Lower  Chalk,  219  feet.' 

The  zones  of  the  Chalk  arc  not  indicated  upon  the  map,  but  they 
are  fully  dealt  with  in  the  memoir,  and  a  sketch-map  is  given  at  p.  44 
upon  which  the  boundaries  of  the  upper  zones  are  marked.  In 
Mr.  Jukes-Browne's  memoir  on  the  Cretaceous  Kocks  of  Britain, 
vol.  iii,  published  in  1904,  an  account  is  given  of  the  occurrence  of 
the  zones  of  Marmpites  and  of  Aetinocamax  quadratus  in  the  northern 
part  of  Hampshire  (pp.  188-192),  and,  speaking  of  the  latter  zone, 
Mr.  Jukes-Browne  remarks  that  it  appears  to  come  in  at  certain  places 
along  the  central  part  of  the  Chalk  area  between  the  anticlines  of 
Winchester  and  Kingsclere.  Probably,  he  adds,  it  only  occurs  in  the 
form  of  outliers  in  the  central  part  of  the  deeper  synclinal  troughs. 

The  present  memoir  deals  with  the  district  to  the  north  of  the 
Kingsclere  anticline,  and  the  author  brings  forward  evidence  tending 
to  justify  Mr.  Jukes- Browne's  inference,  for  ho  is  able  to  record  the 
oocurrence  of  both  the  Marsupiten  and  the  Aetinocamax  qtiadralm 
zones,  the  latter  in  two  places,  in  both  cases  in  a  shallow  syncline. 
It  should  be  added  that  much  of  this  evidence  had  previously  been 
published  in  a  paper  by  Mr.  Osborne  White  and  Mr.  Llewellyn 
Treacher,  read  before  the  Geological  Society  on  April  25th,  1906 
(Quart.  Joum.  Geol.  Soc,  vol.  Ixii,  p.  499).  Mr.  White  shows  that 
the  MarsupiUs  zone,  with  its  two  sub-zones,  the  Marsupites  band 
above  and  .the  Uintacrinus  band  below,  is  clearly  recognisable  in  the 
Hungerford-Newbury  district,  but  he  states  that  the  only  places  at 
which  the  zone  is  known  to  attain  its  full  development  at  the  outcrop 
are  Kintbury,  to  the  west  of  Newbury  and  Winterboume,  near 
Bozfordy  to  the  north-west  of  Newbury.  He  estimates  the  maximum 
thickness  of  the  zone  at  60  feet,  i.e.  about  half  that  attained  in  East 
Kent  and  at  Salisbury.  The  zone  of  Aetinocamax  quadratus  has  been 
recognised  by  the  author  in  two  small  tracts,  one  on  the  spur  of 
ground  between  Boxford  and  Winterboume,  and  the  other  to  the 
south  of  Kintbury.     The  thickness  of  the  zone  is  40  feet  or  more. 

Mr.  Osborne  White  devotes  a  chapter  to  the  consideration  of  the 
structural  relations  of  the  Chalk  and  the  Lower  Eocene  beds.  The 
Eocene  strata  to  the  south  of  the  River  Kennet  rest,  as  a  rule,  upon 
the  Chalk  of  the  Marsupites  band,  but  are  underlain  by  the 
Aetinocamax  quadratus  beds  near  Kintbury,  by  the  Uintacrinus  beds 
to  the  south-west  and  south-east  of  Hungerford,  and  by  the  Micraster 
eor-anguinum  chalk  to  the  north-west  of  that  town.  North  of  the 
Kennet  the  Tertiaries  are  in  contact  with  the  Uintacrinus  band  over 
a  small,  irregular,  and  possibly  discontinuous  tract  extending  from  the 
neighbourhood  of  Wickham  south-eastwards  at  least  as  far  as,  and 
probably  much  farther  than,  Shaw,  but  lie  directly  upon  some  part  of 
the  upper  half  of  the  Micraster  cor-anguinum  beds  everywhere  else 
except  in  the  little  area  west  of  Winterboume,  where  the  Marsupites 

[    >  J.  H.  Blake  &  W.  Whitaker,  "  The  Water  Supply  of  Berkshire  " :  Mem.  Geol. 
Surr.,  1902,  p.  95. 
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and  Aetxnocamax  quadratua  beds  reappear  in  an  outlier.  Despite  the 
occurrence  of  outlying  patches  of  the  Act,  quadratus  Chalk  near 
Kintbury  and  Winterboume,  the  tendency  of  the  Eocene  to  overstep 
the  higher  zones  of  the  Chalk  towards  the  north  is  clearly  recognisable. 
This  northward  overstep  ot  the  higher  parts  of  the  Chalk  may,  the 
author  thinks,  safely  be  attributed  to  an  early  Tertiary  or  pre- 
Tertiary  planation,  after  the  Chalk  had  received  a  gentle  tilt 
approximately  towards  the  south,  and  he  considers  that  the  northward 
overstep  of  the  higher  zones  of  the  Chalk  by  the  Eocene  formation, 
which  he  has  shown  to  exist  in  this  district,  is  not  merely  a  local 
phenomenon,  but  part  of  the  transgression  which  cuts  out  the 
Belemnitella  mucronata  zone  to  the  nor&i  of  Salisbury  and  the  greater 
part  of  the  Actinoeamax  quadratus  zone  somewhere  between  that  place 
and  the  crest  of  the  Sydmonton  range. 

From  the  evidence  before  him  the  aathor  infers  that  at  or  a  little 
after  the  close  of  the  Cretaceous  period  the  tract,  now  the  wentem 
half  of  the  London  Basin,  formed  part  of  the  northern  slope  of  an  area 
of  relative  depression  whose  centre  or  axis  lay  far  to  the  south, 
possibly  on  the  site  of  the  English  Channel,  and  that  before  the 
deposition  of  the  earliest  Eocene  sediments  so  far  recognised  in  this 
region,  the  gently -inclined  Chalk  was  subjected  to  a  planation 
which  bevelled  off  its  higher  zones  in  descending  order  towards 
the  north,  leaving  here  and  there  a  troughed  outlier  such  as  that  at 
Kintbury.  The  Eocene  beds  thus  rest  upon  an  eroded  surface  of 
Chalk,  and  the  author  considers  that,  at  least,  the  ultimate  shaping 
of  this  platform  was  the  work  of  the  sea.  He  describes  the  junction 
as  even,  or  at  most  but  slightly  undulating,  except,  of  course,  where 
the  Chalk  has  been  indented  by  piping  in  more  recent  times.  The 
top  of  the  Chalk  is  often  penetrated  by  tubular  borings  filled  by 
material  similar  to  that  of  the  Eocene  bottom  bed.  Similar  borings  in 
the  top  of  the  Chalk  have  been  recorded  in  the  adjoining  districts,  and 
have  been  variously  referred  to  boring  molluscs  and  to  the  roots  of 
marine  plants.* 

The  bottom  bed  of  the  Eocene  consists  of  a  few  feet  of  dark-green 
or  speckled  greyish-gi'cen  glauconitic  loamy  sand  interbedded  with 
scams  of  grey,  greenish,  or  brown  clay,  often  roughly  laminated. 
Slightly  worn  or  pitted  flint  nodules,  with  green  coats  and  pebbles,  and 
subaugular  chips  of  flint  with  the  same  external  coloration  are 
almost  invariably  present  at  the  base,  the  nodules  usually  appearing 
in  section  as  a  single  row  at,  or  a  few  inches  above,  the  top  of  the 
Chalk.  Concretions  of  iron  oxide,  small  granular  aggregates  of  *  race,' 
and  fine  seams  of  chalky  material  are  not  uncommon  in  the  same 
position,  and  in  some  places  these  and  derived  chalk  fossils  are 
abundant. 

It  is,  we  think,  usually  believed  that  the  green-coated  flints  so 
frequently  found  at  the  bottom  of  Eocene  beds  where  they  rest  upon 
Chalk  are  a  part  of   the  insoluble  residue  left  by  the  underground 

^  See  "W.  Whitaker,  "  Geolo^^  of  the  London  Basin":  Mem.  Geol.  Suit. 
(1872),  p.  100.  AV.  H.  Hudleston,  "Excursion  to  Reading":  Proc.  Geol. 
Assoc,  vol.  iv  (1876),  p.  521. 
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decay  of  the  top  of  the  Chalk  after  the  Eocene  bed  had  been  deposited, 
but  whatever  may  be  the  case  in  other  districts  the  evidence  given 
above  clearly  shows  that  a  different  explanation  of  the  presence  of 
green-coated  flints  in  the  bottom  bed  is  required  here.  The  tubular 
borings  in  the  surface  of  the  Chalk  and  the  chalky  material  in  the 
bottom  bed  seem  to  show  that  no  appreciable  amount  of  dissolution  of 
the  Chalk  surface  has  taken  place  since  the  deposition  of  the  Eocene 
beds  upon  it. 

Banks  of  closely  packed  oyster-shells  form  a  striking  feature  of  the 
bottom  bed  in  not  a  few  sections,  and  the  author  records  teeth  of 
ZamfM  and  a  few  marine  shells.  He  infers  that  the  bottom  bed  was 
deposited  under  shallow- water  marine  conditions.  As  elsewhere,  the 
Bctfiding  Beds  above  the  marine  bottom  bed  consist  of  sands  and 
mottled  clays  without  shells,  but  leaf  impressions  have  been  observed 
at  two  places.  They  occur  in  seams  of  clay  closely  overlying  the 
bottom  bed,  i.e.  in  a  similar  position  to  the  Heading  Leaf-bed. 
Mr.  Starkie  Gardner  believed  the  mottled  clays  of  the  Reading  Series  to 
be  a  fresh- water  deposit  (Quart  Joum.  Geol.  Soc,  vol.  xxxix,  p.  210), 
and  we  may  probably  regard  all  the  beds  in  this  district  between  the 
bottom  bed  of  the  Reading  Series  and  the  basement  bed  of  the  London 
Clay  as  of  fresh- water  origin. 

The  London  Clay,  as  has  long  been  known,  thins  westwards,  and  at 
the  outlier  west  of  Bedwyns  in  the  south-western  comer  of  the  district 
it  is  stated  to  be  only  about  1 5  feet  thick,  whilst  at  Chisbury  Camp  at 
the  northern  end  of  the  outlier  there  seems  to  be  nothing  between  the 
Bagshot  Beds  and  the  Beading  Series.  Mr.  Bennett  thought  that 
some  greenish  sand  near  Inkpen  might  belong  to  the  Bracklesham 
Beds,  but  Mr.  White  gives  reasons  for  doubting  this,  and  ;Consequently 
the  highest  Eocene  formation  in  the  district  belongs  to  the  sandy 
series,  which  in  the  London  Basin  intervenes  between  the  London  Clay 
and  the  Bracklesham.  This  formation  is  marked  i^  on  the  map,  and 
is  there  termed  **  Bagshot  Beds,'*  whilst  in  the  memoir  it  is  described 
as  "  Lower  Bagshot  Beds."  The  similar  beds  at  Bournemouth  are  on 
sheet  329  marked  i*,  and  termed  **  Bagshot  Beds,**  whilst  in 
Mr.  Clement  Reid*s  memoir  on  that  sheet  (1898)  the  formation  is 
called  **  Bagshot  Sands.**  We  thus  find  the  same  formation  with  three 
different  names,  which  seems  needlessly  to  complicate  matters. 

After  dealing  with  the  Eocene  formations,  the  author  gives  us  a  most 
interesting  and  original  chapter  upon  the  post- Bagshot  disturbances 
and  drainage  features.  At  one  time  there  was  a  fairly  general  idea 
that  the  sheets  of  gravel  which  cap  the  plateaux  in  the  neighbourhood 
of  the  River  Thames  were  a  marine  deposit,  but  in  recent  years  the 
tendency  amongst  the  workers  in  the  geology  of  the  South  of  England 
has  been  to  look  upon  them  as  old  river  gravels,  and  the  present 
author,  Mr.  Osborne  White,  considers  that  the  drifts  are  local 
subaerial  and  fluviatile  accumulations,  which  betray  in  their  dis- 
tribution a  more  or  less  obvious  relation  to,  or  dependence  on,  the 
larger  (if  not  the  smaller)  elements  of  the  existing  physiography. 
As  to  the  age  of  the  drift  deposits,  he  says  that  though  some  of  them 
may  be  of  Pliocene  age,  the  bulk  of  them  seem  to  belong  to  the 
Pleistocene  and  Recent  periods,  and  many  of  them  undoubtedly  do  so. 
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The  beds  of  gravel  of  the  district  are  separated  upon  the  map  into 
two  divisions  or  classes — 

(i)  Plateau  Gravel  (of  doubtful  age  and  origin), 
(ii)  River  and  Valley  Gravel. 

Now,  as  the  author  explains,  there  may  be  some  practical  convenience 
in  this  division,  though  to  a  great  extent  it  is  a  survival  of  the  old 
theory  of  the  marine  origin  of  the  plateau  gravels.  In  any  case,  the 
result  of  the  conclusion  to  which  the  author  has  come,  and  which  has 
just  been  quoted,  is  that  when  he  comes  to  speak  of  the  plateau 
gravels  he  says :  **  The  *  Plateau  Gravel '  group  as  defined  on  the  sheet 
is,  in  a  measure,  an  arbitrary  one,  for  some  of  its  members  are  not 
to  be  distinguished  from  deposits  classed  as  *  River  and  Valley  Gravel' 
by  their  composition,  structure,  mode  of  occurrence,  or  altitude, 
absolute  or  relative,  that  is  to  say,  by  any  of  the  tests  which  are 
Usually  regarded  as  of  chief  importance  for  the  discrimination  of 
nnfossilifcrous,  or  very  sparingly  fossiliferous,  drifts  of  this  type,  and 
further  on  he  remarks  that  the  Plateau  and  the  Valley  Gravels  are 
very  often  inseparable ;  their  more  level  spreads  frequently  appear  to 
be  but  the  higher  and  lower  members  of  a  single  graduated  series." 

If  it  be  admitted  that  the  author  is  correct  in  his  opinion,  and  we 
believe  that  he  is  here  in  agreement  with  many  or  most  of  his  fellow- 
workers  in  the  Thames  district,  then  the  history  of  our  river  system 
is  thrown  back  to  a  vastly  earlier  date  than  could  have  been 
contemplated  by  those  who  looked  upon  the  plateau  gravels  as  of 
marine  origin,  and  we  find  that  the  author  is  fully  prepared  to  accept 
the  result  of  his  view,  for  he  says  that  it  seems  not  improbable  that 
the  broad  outlines  of  the  present  drainage  system  were  marked  out 
in  the  Miocene  period  coincidently  with  the  development  of  the 
Kingsclere  fold.  At  the  same  time  he  considers  it  possible  that  the 
dominant  surface  slopes  of  the  district,  in  so  far  as  they  have  a  tectonic 
origin,  may  be  due  less  to  Miocene  folding  than  to  Pliocene  warping, 
and  lie  also  observes  that  the  district  may  have  been  overflowed  by 
the  Diestian  Sea,  which,  though  not  very  probable,  is  no  doubt 
a  possibility  for  which  we  have  to  allow. 

If  we  agree  in  the  aulhor^s  view  as  to  the  origin  and  antiquity  of 
the  gravels,  the  question  of  the  age  of  the  various  deposits  in  relation 
to  the  age  of  the  most  recent  earth -movements  is  one  of  great 
importance,  for  if  earth-movement  continued  after  the  deposit  of  any 
part  of  the  grarels  the  relative  position  and  altitude  of  different  gravel 
deposits  may  have  been  greatly  affected  thereby.  The  author,  however, 
in  suggesting  a  tentative  grouping  of  the  gravels,  thinks  it  best  to 
assume  that  the  original  height  relations  of  the  sheets  of  gravel  have 
not  been  significantly  changed  by  differential  earth -movements. 

He  separated  the  plateau  gravel  into  three  stages — 

(i)  Cold  Ash  Stage  gravel,  now  265  feet  above  the  present  River 
Kenuet,  and  possibly  of  late  Pliocene  age. 

(ii)  Bucklebury  Stage,  now  230  feet  above  the  present  river,  possibly 
belonging  to  the  earlier  part  of  the  Pleistocene  period. 

(iii)  Silchester  or  Greenham  Stage,  150-160  feet  above  the  modem 
river  of  rather  later  date. 
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These  gravels  are  more  or  less  sandy  and  often  well  stratified,  and 
the  author  distinguishes  from  them  some  examples  of  a  much  more 
argillaceous  type  of  deposit,  which  he  suggests  may  he  of  the  nature 
of  a  mud-flow,  generated  hy  rapid  thawing  of  frozen  soil  at  or  ahout 
the  time  of  maximum  glaciation  of  the  country  further  to  the  north. 

In  the  chapter  on  the  valley  gravel  the  author  records  several  finds 
of  implements  at  different  places.  The  celebrated  Knowle  Farm  pit 
is  situated  near  Savemake  in  the  south-west  comer  of  the  district. 
The  implements  from  it  are  distinguished  by  a  very  peculiar  varnish- 
like  glaze,  and  Mr.  Clement  Ecid,  who  described  the  locality,  considered 
it  to  be  contemporaneous  with  the  Paleolithic  deposits  of  Southampton 
Water,  Bournemouth,  and  the  Avon  Valley.  (Summary  of  Progress 
of  the  Geol.  Survey  for  1902,  p.  208,  1903.) 

The  Alluvium  of  the  River  Kennet,  with  its  deposit  of  fossiliferous 
fresh-water  marl,  is  of  great  interest,  and  a  good  account  of  it  is  given 
with  lists  of  the  fossils.  It  is  further  dealt  with  in  a  valuable  note 
by  Messrs.  A.  S.  Eennard  and  h,  B.  Woodward,  which  is  printed  as  an 
appendix  to  the  memoir. 

Dr.  W.  Pollard  and  Mr.  H.  H.  Thomas  contribute  another  appendix 
on  insoluble  matter  in  samples  of  Upper  Chalk,  and  the  memoir 
concludes  with  a  bibliography  and  an  index. 
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November  6th,  1907.— Sir  Archibald  Geikie,  K.C.B.,  D.C.L.,  Sc.D., 
Sec.  R.  S.,  President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  **0n  a  Collection  of  Fossil  Plants  from  South  Africa."  By 
Professor  Albert  Charles  Seward,  M.A.,  F.R.S.,  F.G.8. 

The  material  on  which  this  paper  is  based  was,  for  the  most  part, 
collected  by  members  of  the  Geological  Survey  in  Cape  Colony  from 
the  Molteno  and  Burghersdorp  Beds.  The  Molteno  Beds  are  placed 
at  the  base  of  the  Upper  Karroo,  or  Stormberg  Series  ;  the  Burghers- 
dorp Beds  constitute  the  uppermost  strata  of  the  Middle  Karroo,  or 
Beaufort  Series.  Mr.  A.  L.  Du  Toit,  who  has  contributed  accounts 
of  the  stratigraphy  of  the  plant-bearing  and  associated  rocks,  describes 
the  occurrence  oi  a  transitional  zone  between  the  Molteno  and  the 
Burghersdorp  Beds.     The  following  species  are  described  : — 

(A)   Molteno  Bbds. 

SehiKoneura  Carrtreiy  Zeill.  TaniopteiHt  Carruthertiy  Ten.-Woods. 

Sehizoneura  sp.  Cladophlebia  {Toditet)  Rouiei'ti  (Presl). 

Thinnfeldia  odontopteroidet  (Morr.).  Pterophyllum  sp. 

Thinnfeldia  sp.  Baiera,  sp.  noT. 
Thinnftidia,  sp.  nor. 

(B)  Bthbloheilbdobp  Beds. 

Sehizoneura  sp.  OdontopterUy  sp.  nor. 

Thinttfeldia,  sp.  nov.  StrohiliUsy  sp.  nor. 

Ti^niopteria  Carruthevi,  Ten.-Woods.  FUrophyllum  sp.,  cf.  Ft.  Ti$tn%^  Schenk* 

JOanaoptii  Hugkniiy  Feist.  Siigmatodendrony  tp.  hot. 
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A  description  is  also  given  of  Schizoneura  a/ricana,  Feistmantel, 
a  species  originally  figured  by  Hooker  in  an  appendix  to  Bain's  paper, 
published  in  1845. 

The  additional  plants  recorded  from  the  Molteno  Beds  afford 
further  evidence  in  favour  of  assigning  this  member  of  the  Stormberg 
Series  to  the  Rhaetic  Period.  While  possessing  certain  Rhsetic  species, 
the  Burghersdorp  flora  as  a  whole  indicates  a  somewhat  lower  horizon. 

2.  "  Permo-Carboniferous  Plants  from  Vereeniging  (South  Africa)." 
By  Professor  Albert  Charles  Seward,  M.A.,  P.R.S.,  F.G.S.,  and 
Thomas  Nicholas  Leslie,  F.G.S. 

The  majority  of  the  specimens  described  in  this  paper  were  obtained 
by  Mr.  Leslie  from  a  sandstone  quarry  1^^  miles  from  Vereeniging,  on 
the  banks  of  the  Klip  River ;  the  sandstones  are  associated  with 
shales,  coal-seams,  and  glacial  conglomerates.  In  the  opinion  of  the 
authors,  the  plant-beds  should  be  included  in  the  Ecca  Series  (Lower 
Karroo).  While  recognizing  certain  well-marked  differences  between 
the  OloBBopUris  floras  and  the  Upper  Carboniferous  and  Permian  floras 
of  the  Northern  hemisphere,  they  are  inclined  to  think  that  there  are 
more  types  common  to  the  two  botanical  provinces  than  is  generally 
supposed. 

The  following  species  have  been  recognized  at  Vereeniging : — 

Schizoneura  sp.  Neuropteridittm  validum,  Feist. 

*Gloaaopteris  anguttifoliaf  Brongn.,  rar.         Bothrodendron  Lealii,  Sew. 

nov.  ^Leptdodendroftf  sp.  nov. 

Gloaxopteris  angustifolia  ^  Bronfi^.  * Lepidodendron  Pedroanutn  (Cair.). 

GhssopterxM  Browniana^  Brongn.  Sigillaria  Brardiy  Brongn. 

Gloasfjpteria  indica^  Schimp.  Piygmophyllum  Kidstoni^  Sew. 

Glo88opteris  sp.,  cf.  Gl.  reti/era.  Feist.  Cordaites     (Nceggerathiopsis)      Eialopi 

Gangomopterxs  cgcIopteroicUsy  Feist.  (Bunb.). 

^Callipteridium  sp.  Coiiites,  sp. 

Those  marked  with  an  asterisk  are  recorded  for  the  first  time. 

3.  **  On  the  Structure  and  Relations  of  the  Laurentian  System  of 
Canada."     By  Professor  Frank  Dawson  Adams,  D.Sc,  F.R.8.,  F.G.S.^ 

This  paper  contains  an  outline  of  the  results  of  the  examination  by 
Dr.  Barlow  and  the  author  of  an  area  of  4,200  square  miles,  comprised 
within  the  Haliburton  and  Bancroft  sheets  of  the  Ontario  and  Quebec 
series  of  maps.  The  paper  opens  with  a  short  account  of  Logan's 
work  in  the  original  Laurentian  area.  The  main  conclusions  reached 
by  the  author  may  be  thus  summarized; — (1)  The  Laurentian  System 
of  Sir  William  Logan  consists  of  a  very  ancient  series  of  sedimentary 
strata,  largely  limestones,  invaded  by  gi'eat  volumes  of  granite  in  the 
form  of  bathyliths  ;  (2)  this  sedimentary  series  is  one  of  the  most 
important  developments  of  the  pre-Carabrian  rocks  in  North  America, 
it  presents  the  greatest  body  of  pre- Cambrian  limestones  on  the 
continent,  and  it  is  best  designated  as  the  Grenville  Series ;  (3)  the 
invading  masses  of  granite  are  of  enormous  extent ;  they  possess 
a  more  or  less  distinct  gneissose  structure,  due  to  the  movements  of 
the  magma,  which  developed  a  fluidal  and,  in  the  lat^r  stages  of 
intrusion,  a  prptoclastic  structure  in  the  rock  ;  (4)  the  granite  gneiss 
'of    the    bathyliths   not   only    arched   up    the    invaded    strata    into 

^  Coihmunicated  by  permission  of  the  Director  of  the  Geological  Surrey  of  Canada. 
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a  series  of  domes,  but  *  stoped '  out  portions  of  the  sides  and  lower 
surface  of  the  arches,  the  fragments  torn  off  from  walls  and  roof  by 
the  invading  granite  being  found  scattered  throughout  the  mass  of  the 
invading  rock ;  this  '  stoping/  however,  probably  developed  only 
a  small  part  of  the  space  which  the  granite  now  occupies ;  (5)  the 
invading  granite  not  only  exerted  a  mechanical  action  upon  the 
invaded  strata,  but  also  gave  rise  to  a  variety  of  metamorphic  products, 
among  others  amphibolite  produced  by  its  action  in  the  limestone, 
which  accounts  for  the  fact  that  while  the  invaded  strata  are  chiefly 
limestone,  the  fragments  of  the  latter,  where  found  in  the  granite, 
consist  of  amphibolite ;  (6)  the  invading  bathyliths  and  allied 
intrusions  of  granite  occupy  the  greater  part  of  the  great  N'orthern 
Protaxis  of  Canada,  which  has  an  area  of  approximately  2,000,000 
square  miles.  It  has,  therefore,  been  considered  advisable  to  restrict 
the  name  Laurentian  to  this  great  development  of  the  *  Fundamental 
Gneiss,'  which,  although  intrusive  into  the  Grenville  Series,  never- 
theless underlies  and  supports  it;  (7)  the  relation  of  the  Grenville 
Series,  which  forms  the  base  of  the  sedimentary  portion  of  the 
geological  column  in  Eastern  Canada,  to  the  Huronian  and  Keewatin 
Series,  which  are  the  oldest  stratified  rocks  in  the  western  part  of  the 
Protaxis,  has  yet  to  be  determined,  the  two  not  having  so  far  been 
found  in  contact;  nowhere,  moreover,  either  east  or  west,  has  the 
original  basement  on  which  the  first  sediments  were  laid  down  been 
discovered ;  these  are  everywhere  torn  to  pieces  by  the  granite 
intrusions  of  the  Laurentian. 

At  8  p.m.  on  Wednesday,  November  13th,  the  actual  anniversary 
of  the  foundation  of  the  Society  in  1807,  the  Fellows  met  informally, 
to  the  number  of  about  100,  at  the  Society's  Rooms  in  Burlington 
House,  where  the  various  addresses  presented  on  September  26th 
were  on  view. 

**  The  History  of  the  Geological  Society  of  London,"  by  Horace  B. 
Woodward,  F.R.S.,  illustrated  with  twenty -eight  portraits  and 
reproductions  of  medals,  is  now  obtainable  at  the  Society's  Apartments, 
price  7«.  6i.  nett ;  and  at  the  reduced  price  of  6«.  by  Fellows  only. 


RE  CONE-IN-CONE. 

SiK, — Touching  the  origin  and  age  of  this  formation  or  structure, 
would  such  of  your  readers  as  have  made  observations  in  this 
connection  kindly  tell  us  at  what  depths  below  the  present  surface 
they  have  discovered  or  noted  this  rock-structiu'e  ?  We  know  that  the 
Coal-measures  contain  it,  but  at  what  depth  in  pits  (shafts,  boreholes, 
OP  underground  workings)  has  it  been  found  ?  Reports  state  that  it 
occurs  in  the  Cambrian,  Lower  Silurian,  Devonian,  as  well  as  in  com- 
paratively recent  epochs,  but  the  point  is :  is  it  as  old  as  the  strata 
enclosing  it?    (See  vol.  188,  1894,  etc.)  W.  S.  Geeslet. 

.     DUFTIELO,    DeBBT. 

13M  Nov.,  1907. 
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THE  ZONES  OF  THE  CHALK. 

Sib, — In  June  last  yoa  kindly  inserted  a  notice  on  the  discovery 
of  Uintaorinua  Chalk  in  the  neighbourhood  of  Orpington,  Kent. 
Polio  wing  up  my  researches,  I  am  pleased  to  say  I  have  been 
successful  in  tracing  this  zone  and  the  succeeding  one  of  MartupiUt 
in  Holwood  Park,  Keston,  the  residence  of  Lord  Derby ;  and  a  few 
weeks  ago,  in  an  overgrown  pit  at  Pox  Lane,  Keston,  I  discovered  the 
junction  bed  of  the  Micraster  cor-anguinum  and  Utntaerinm  Chalk. 

I  hope  ere  long  to  give  the  results  of  further  work  in  this  area  and 

the  fauna  obtain^  therefrom.  G.  £.  Diblkt. 

Sydenham,  S.E. 

November  ISth,  1907. 


SIR  JAMES  HECTOR,  K.C.M.G.,  M.D.,  F.R.S.,  F.L.S.,  F.Q.S. 

Born  1834.  Dibd  Novucbkb,  1907. 

We  regret  to  record  tbe  death  of  Sir  James  Hector,  late  Director  of 
the  Geological  Survey  of  New  Zealand  and  Chancellor  of  the  University 
of  New  Zealand.  Bom  in  Edinburgh  in  1834,  he  was  educated  at 
the  University  in  that  city,  and  took  the  degree  of  M.D.  in  1866. 
In  the  following  year  he  was  chosen,  through  the  influence  of  Sir 
Boderick  Murchison,  as  surgeon,  geologist,  and  naturalist  to  accompany 
Captain  John  Palliser's  exploring  expedition  to  the  central  parts  of 
British  North  America.  He  then  made  important  ethnological  and 
geographical  observations,  discovered  the  pass  by  which  the  Canadian 
Pacific  Railway  now  crosses  the  Rocky  Mountains,  and  afterwards 
published  an  important  paper  on  the  geology  of  Lake  Superior. 
In  1861,  by  Murchison^s  recommendation,  he  was  appointed  geologist 
to  the  Provincial  Government  of  Otago,  New  Zealand,  and  thenceforth 
devoted  his  energies  to  that  country.  He  became  Director  of  the 
Geological  Survey  in  1865,  and  held  the  post  until  1903.  He  was 
elected  a  Fellow  of  the  Royal  Society  in  1866,  and  was  created 
K.C.M.G.  in  1887.  As  a  geologist  his  principal  works  include 
Reports  on  the  Coal  Deposits,  on  the  Geology  of  Otago  and  other 
parts  of  New  Zealand,  and  a  geological  sketch-map  of  the  Islands. 
The  volcanic  phenomena  and  thermal  springs,  the  fossil  birds  and 
reptiles,  and  the  recent  zoology  and  botany  of  New  Zealand  likewise 
engaged  his  attention.  He  was  awarded  the  Lyell  Medal  by  the 
Council  of  the  Geological  Society  in  1877. 


3s.fl:isoEriri.A.isrEO"Drs- 

The  Geological  Collection  of  the  late  Jo  hit  F&ancis  Walkes, 
M.A.,  F.L.S.,  F.I.C.,  F.C.S.,  F.G.S.— Having  regard  to  the  great 
value  of  Mr.  J.  P.  Walker's  collection  of  Brachiopoda  and  its 
importance  to  men  of  science,  Mrs.  Walker  and  her  son,  Mr.  Gelson 
Walker,  have  decided  to  present  it  to  the  Trustees  of  the  British 
Museum.     (See  obituary  in  August  Number,  p.  380.) 
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